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PREFACE TO FIR|st EDITION. 


The present book, with Dr. S^^ chlicli’s permission, forms 
Volume V. of the Manual of FJ ores try. It is an English 
translation of the volume on Foiij.sTi)ENUT 2 UNG* by Dr. Karl 
Gayer, Professor of Forestry at thtjj University of Munich, the 
first edition of which was publish^ in 186B, and the eighth 
and last edition in 1894. Dr. Gaj yer’s book is the recognised 
standard German work on the su [jjeet, of Forest Utilization ; 
although it may appear somewh ^^t detailed for the present 
condition of British Forestry, yet , it ig fitting to complete the 
Manual of Forestry by giving a f nP account of the economic 
methods of w’orking forests as thejf are practised in Continental 
Europe. 

I have added considerably to tii^ original work by notes and 
illustrations from my own and ( )ther experience in Britain, 
France, and India ; the number o f plates in the original work 
(297) has also been increased to 3 - 43 fn the translation. 

Monsieur L. Boppe, the Direc tor of the French National 
Forest School at Nancy (where I ij*eceived my first instruction 
in Forestry), has kindly allowed jme the use of many of the 
plates in his Technologie FoipEgxiKRE,f which have been 
acknowledged duly in the text, wherever they occur. Chapter 
YIII. of Part III., which deals {yjth resin- tapping, is taken 
mainly from Mr. Boppe’s bobk. 

The last chapter of my book, dealing with the extraction of 
oil of turpentine and rosin, from crude resin, is taken chiefly 

• *• Die Forstbenutzuiig,*’ von Dr. Karl Gayer, eighth edition, Berlin. Pub- 
lished by Paul Parey, Pi, Hedemamlst]•a^8e^ 

t A considerably enlarged edition of ^ ^vork by H. banquette, Honorary 
Director of the Nancy Forest School, Paris, 1S87, Berger-Levrault et Cie., 
5, Rue des Beaux Arts. 





fearle Moir o! tHe 

I'lt, that in the Indian ; 


it<m piapfe4)y3Ii'« N.1 
Indian Forist Dej 

I'orester, * 

The enormous consan^-iun of limber, in North Amenc 
and elsewhere, points ta a period in the immediate future 
when the world-supply ^3 timber will be greatly restricted; 
it is already the duty of ^tesmen in all civdized countries o 
adopt measures for rena^ring them, in a certain 
independent in this respect. A careful method of utilizing 
the resources of their forjetts is of the highest importance for 
the vast dependencies ct the British Empire, \Yhethei m 
India, Canada, Australasia or South Africa, as well as for the 
United States. It may before he asserted confidently that, 
the general ]u*inciplos of economic woiking of forests, now 
almost for the first time* e:poimded in the English language, 
are applicable wherever that language is spoken. 

I have to thank my coll0a(,mes, Dr. Sclilich and Dr. Matthew », 
for their kindness in assisting me to revise the proofs, and for 
some valuable suggestion s'tliey have made. Professor Plearson 
has also helped me in dealing with superstructures (pp. 113 ■ 
114), and Professor Heath, in the antiseptic treatment of 
timber (p. 351)). 

^Y. 11 EISHEB. 

CoorKus I Ilia. t'oia.EGE, 
ut. 

• The ITtiliziitiou nt Forets, by I*). E. Eoriianue/. Dtibni Dun, 18'J1, is ap}tli- 
Cftble chiefly to Inflia n!:<l compA-hviJ^ivc th:ai tl.e present volume. 



PREFACE TO SECOND EDITION. 


The first edition of this book (1,500 copies), which was 
published in 1806, has been sold, iind it has become my duty, 
to prepare a second edition. Schlich's Manual of Forestry is 
intended to give a clear picture of forestry, as practised in 
those countries where the industry has been brought to the 
greatest perfection, and that imri)oso has been followed in the 
instruction given by us to the forest students wdio go to India 
or the Colonies, or who remain in this country. 

No writer on Forest Utilization fulfils this purpose, as do 
Gayer and his eminent co-author and successor. Dr. Heinrich 
Mayr. The latter has travelled through most of the forests 
in Europe, America, Japan and India, and has used the store 
of knowledge he has gained, in rearranging Gayer’s book, 
which is brought up completely to date in this, its ninth 
edition. The author’s preface to this edition, that follows, 
shows, to some extent, how greatly this old classic work hat 
been improved. An important book, “ Traitd d’exploitation 
oommeroiale des bois,” in two lai-ge volumes, written bj 
Alphonse Mathey, published in 1906 and 1908, gives th( 
French views of Forest Utilization, and contains muci 
original matter dealing with French indigenous and colonia 
forest produce. As the French have never had separah 
instruction in Forest Protection, a subject dealt with ii 
Volume IV. of this Manual, the diseases in trees due to fungi 
are therein described in detail that is not required here 
Mathey’s second volume is a compendium of the usages o 
the French timber trade, and deals also with French minO: 
produce in a comprehensive manner. This work, however 
follows Gayer in general matters, and reproduces many o 
Gayer’s plates. 



B: Jaas writteii a 

UtilizatioB,” "that is based also on (j%ei!^« and brings 
np to date Fernandez’ ‘‘Notes on the Utilization of Forests,’’ 
written from an Indian point of view. The American forestry 
department has published a number of pamphlets on various 
matters connected with Forest Utilization, but I know of no 
American general treatise on the subject, except a short book 
ol 118 pages, by C. A. Schenk, 1904. I append a list of 
American books on the subject kindly sent me by Mr. G. 
Pinchot. In Britain, the only text-books available are on 
limber, by Laslett, Stone, and Boulgcr, and from these I 
have borrowed an occasional note. 

Many friends have urged me to write an original book on 
Forest Utilization, l)ut I could do so only by borrowing from 
Gayer on a very large scale, and in fact by following closely 
in the excellent lines lie has laid down. Such a book could 
be only a compilation, and it seems to me to be not only more 
honest, but also more useful for students of forestry, to trans- 
late the only general work on the subject that exists, wdiile 
making additions to it, from an English point of view, wherever 
they are needed. All these additions are made in parentheses 
and signed by the translator. 

Although this edition contains much matter that is not in 
the first edition, Mayr has been able to compress Gayer’ s 
book, so that in the translation there are now 840 instead 
of 774 pages, while the number of plates in the text are 402 
instead of 329, besides five full-page plates instead of three. 
Gayer’s book contains 341 plates only. 

LIST OF AMERICAN BOOKS ON FOREST UTITJZATION. 

Prepared by Rapuael Zon. Odohtr llih, 1907. 

“Forest Utilization,” C. A. Sckeuck, Biltinoie, N. C., 1904. Pp. 118. 
♦5. 

“Road Making and Maintenance,” Chapter on “Wood Paving,” by 
Thomas Aitkins, 1900. J. B. Lippincott, Co., Philadelphia. Pp. 823 to 
841 $ 6 . 



;:vS^jrAiC!Sv^' IX 

'■■) fe)fl^dii-aJnd l^niAaeiits,**’ by Ira O^rn 

^^'jSpns, Ketr York, ITO, ’'l?]^ $3. , - ^ ■;^ 

\^*PavoiQont8 and Hoads,” by Edward O'. Lovo, Engineering and 
Building Heoord, New York, 1S90. $d. 

Roads and Pavements,” by Fred P. Spaulding. J. Wiley & Sons, 
lV"ew York, 1906. Pp. 233. $2. 

Timber Physics, Materials of Construction,” bj’^ J. B. Johnson, 
J. Wiley & SouS; New York, 1897. 

‘ ‘ Handbook of Timber Preservation,” by Samuel M. Howe. Pettebone, 
Sawtelle & Co., Chicago, 1901. |3. 

“History of tlie Lumlier Industry in America,” by James Elliot 
Defebaugh, Vol. I. The American Lumberman, Chiwigo, 1906. $3. 

“Proceedings of tho American Forest Congress, Forestry and Irriga- 
tion,” Washington, P. C., $P23. 

“Forest Mensuration,” by H. S. Graves. J. Wiley & Sons, New York, 
190(5. Pp. 438. U- 

“Principal Spe<iies of Wood; Their Characteristics and Properties,” 
by Charles Henry Snow. J. Wiley & Sons, New York. Chapman & 
liall, London, 1903. Pp. 203. $3*50. 

“Economic Uses of Wood,” by W. R. Lazenby, Columbus, Ohio. 
Ohio State Iluiversity, 1904. Pp. 14. Free, 




AUTHOR’S PEEFACE TO THE NINTH, 
EDITION. 

In order to preserve for my book on Forest Utilization th4; 
olace it has gained in forest literature, and owing to my 
idvaneed age, I have shared the work of writing its nipth 
sdition with my successor in the Chair of Forest Utilization^ 
Dr. Heinrich Mayr, 

We have determined to bring the book up to 4ate„ by ; 
utilizing all the available research of the nineteenth oentury,' 
by making purely German matter most prominent, but 
by taking into consideration matter from other countries, sa 
that the book may be built on a broader foundation th^ri,; 

before. ^ / 

The table of contents will show that considerable changes 
have been made in the arrangement of material. Sdnm, 
changes have been made also in the technical treatment of, 
the subject. Several chapters, or sections, have been rewritten^;: 
or expanded, chiefly from a scientific point of view, while other, 
parts of the book have been curtailed. - V 

Fifty new plates have been added, bringing the number Oi 

these up to 822. ' ■ ' ’ ' i 

Our acknowledgments are due to the publishers, who ha^ 
done their duty excellently. ^ ^ 

It is our hope that the book, in its new form, will 
with extensive support, and will prove useful to students an^' 

to practical foresters. , ' , ; 

GAYEB. 

Mimic H, 

Januiri/, 19023 . 




SHORT BIOGRAPHY OF DR. JOHANN 
KARL GAYER. 


Johann Karl Gayer, State Councillor, and Professor of 
Forest Utilization at the University of Munich, D. Dec., 
honoris causa, was born at Speyer, in the Rheinpfalz, on the 
15th October, 18‘22. He first studied Natural Science and 
Mathematics, and afterwards Forestry. In 1851, he managed 
the forests at Wiesenheim and Berg ; in 1855, he was appointed 
second Professor of Forestry at the Forest School of Asehaffen- 
burg. This enabled him to visit the most important forests 
of South Germany, and to collect material for his two classie 
books on Forest Utilization and Silviculture, that have had 
very important influence on the Science of Forestry. In , 
1803, the first edition of his Forest Utilization was published,; 
the third edition in 1878, and the sixth edition in 1888, 
Gayer was still full of mental vigour, when, in 1902, h^' 
brought out the ninth edition of this book, with the assistance 
of his pupil and successor^ the writer of this notice. , * 

Gayer published his Silviculture in 1880, the fourth edition 
of which appeared in 1898. The silvicultural principle of the-; 
book is to preserve the natural productivity of the forest soil 
by the natural regeneration of woods of mixed species ; this 
principle has been adopted by the Bavarian State Forest 
Department. 

In 1878, part of the Forestry Instruction was transferred 
from Aschaflenburg to Munich, so that Gayer then beeame e* 
University Professor, He was elected and became Rector ^ 
the University of Munich in 1889—90. In 1892, bodily 
weakness compelled him to give up teaching, but his mind 
; remained as active as before. 



l^a seine Ausgestaltung in Bayern,” 1895, etc. His work on 
Isfl'^onlture was translated by Bocarine into French, and oy 
Bchermbeok into Dutch, and his Forest Utilization into 
Ijfertfelish by W. B. Fisher. He was decorated by Bavaria, 
''Bussia and Greece, and was Honorary Member of several 
l^brestry Societies. He died on the 1st of March, 1907, 
^kpnoured and lamented by thousands of his pupils, friends, 
l)y forestevs all over the world. 


to 8 Wt,'': 1884 ; “DerbayerischeWa un'd'schflialsehlay- 
TTaWnnmino ” 1892; “Deber den Fehmelschlagbetrieb 
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FOREST UTILIZATION 


INTEODUdTION. 

The annual produce of forests affords the most striking 
proof of their utility ; it enables us to satisfy a great number 
of our w.ants, and we can lUiver dispense with forest produce, 
or only do so with the greatest dilliculty. 

In earlier times, when fonists extended far beyond human 
reipurenumts and unimpaired natural fences mainhiined them 
intact without any artilicial assistance, Forest Utilization com- 
prised the whole art of forestry. Protection, tending, sowing 
and ])lanting were unnecessary; superabundant supplies of 
forest produce were available for all possible ixHpiirenuaits, 
and had only to be utilized. This was done for ages, 
without any regard to economy or to the wants of future 
generations. 

An uthu'ly wasteful utilization of forest produce contimied, 
until a wood-famine, was impending; for the demands made 
on agricultural produce by a st(?adily increasing population 
involved the clearance of vast areas of woodland, while the 
prolonged malti’eatment to which forests were subjected had 
diminished their productiveness considerably. Unfortunately, 
in many countries, matters have not improved in this respect. 
If forests are to be maintained, the woodcutter’s axe and the 
utilization of all forest produce must be brought under control, 
land suitable for producing forests should be densely stocked 
with trees, and forest utilization subordinated to silviculture. 

Forest raw material may be utilized in various ways, but its 
utility will be secured most fully when each product is used 
for the purpose for which it is better adapted than any other 
available material. Then only can a forest respond properly 
to the interests of mankind as well as to those of its owner, for 
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then only will it yield the greatest pecuniary return. There 
Avas, lioAvever, a time Avhen it Avas considered incompatible 
with good foi'estry to attenijit to make a forest yield the best 
financial results; a forest was looked upon as a means of 
satisfying, without any speculative motive, the direct and 
indirect national recpiirements. But precisely because, a 
forest is an impoi'tant national estate, and hecaus(; the imi)or- 
tance of any estate is recognized most fully and its ]>rotection 
best secured Avhen itself audits produce possess a considerable 
sale-value, this way of regarding forests is generally erroneous. 
Th(^ ])i‘of)t obtained from careful forest-management is small 
when com])ared with that from other productive industries, 
and a])])arently will not im])rov(‘ just yet, for suhstitutcis used 
in place of wood come more a,nd more', into use.^ So much 
th<5 more, tlu'refore, in tlui interests of both national (!Conomy 
and foi‘(^strv, should every forest-owner (mdeavour to increase 
tli(! p(u'.uniary yield of his woodlands a.s much as possible, 
provid(‘d that at the, sanu’. time he works within the hounds 
j)rescrih('d by good forest manag(uuent. Forest utilization 
tliendore should always kee]) in vi(iwth(5 ])ossihility of a steady 
improv(Uuent of the forest revenue, without prejudice to its 
mjiintenanc(', or future enhancement. 

Tlie foregoing remarks lead us to d(dine the science of Forest 
IM,iliza,tion as a systematic arrangement of the most appro- 
priate methods of harvesting, converting and disposing 
profitably of forest produce, in accordance with the results 
of experience and study, dim regard being paid to silvicnl- 
turo and to the host jKJCuuiary returns. 

AVood is usually tlui chief product of forests, and at present 
the aim of fori'.st management is directed cliiefly to its produc- 
tion. Besides wood, there ari' other useful ju'odncts, which 
are derived (uther from the trees or the soil of forests, or con- 
sist of the components of the latter. As most of them, 
however, are, in general, relatively inferior in value to wood, 
and their production is hound up with the existence of 

* [For a statomrnt of (iie linam-ial lohinis from forohtH, r/'. Yol. J. of tins 
Manual, Ilnl cd., ]>. 202, Tlu*ri‘ is, nnh'ed. every nr(»sj>eet of inoieaseil profits 
from woodlands, iio\v Unit the demaiul> for wood-pulp for p.apermakiiig have 
l>eeome so enornmmi and the prieos tim))»T imported into firitaiu and 
jRlsewhere aiY rising Hteaddv --Tr. | 
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forests, they are considered as accessory, or minor, produce. 
A distinction is thus made between principal and minor 
forest produce. • 

A forest-owner is, as a rule, concerned only witli the rough 
conversion of the produce of his forest, so as to facilitate its 
transport. Sometimes, however, and for certain kinds of 
produce, it may he advisable for him to prepare forest pro- 
duce in the form in which it is directly utilizable for various 
industries, in which case he carries on auxiliary forest 
industries. To deal with these industries fully is quite 
beyond the province of the present book, and they will be 
described only in such detail as the ordinary routine of 
forestry requires. 

The matter of which the science of Forest Utilization, thus 
exhmded, is composed, may be comprised under four ])rincipal 
headings, which are as follows : — 

I. [IrrLT/ATTON OF PiitNOlPAn Forkst PaomioF, Woon. 

*11. UriLizmoN OF Minor IhionucF from Trisks. 

III. UtIIJZATION op ^llNOR ProDIIOK FROM THU FoRKST 

SoiTi. 

IV. UnrazATjoN of thf Components of the Forest SoTn 

AND SlIP.JAOENT IIOOKS. 




PAivr I. 

HARVESTING, CONVERSION AND DISPOSAL OF 
PRINCIPAL FOREST PRODUCE, WOOD. 




CHAPTER I. 


PROPERTIES OP WOOD.* 

A. Anatomy of Wood, its Structure and Texture; 

Identification of Woods. 

The elomeiilary organs of which wood is constructed are 
the chief means of identifying woods; their coinhiiiation, as 
seen in various sections, at once strikes the eye. Variations 
in the iihysical and technical properties of woods, e.t/,, in a 
piece of oak as compared with a piece of spruce, also depend 
chiefly on their anatomical structure. We cannot, however, 
explain all the physical and technical differences in wootls by 
a microscopical examination of their anatomy. The micro- 
sco[)e does not indicate, or indicates very incompletely, the 
materials that determine durability of timber; it gives no 
information regarding brittleness or elasticity, nor how the 
ultimate components of tlie wood are arranged or react on 
one another. Anatomy tells us nothing about the niycellar 
and molecular structure of the cell-walls, the effects of which 
on the chemical, pliysical and technical properties of wood 
are still very obscure. But anatomy is indispensablo in 
elucidating vital processes in the physiology of trees, in 
explaining the processes of the formation and decay of timber. 

Microscopes are seldom necessary for identifying woods, 
all the characters that follow being recognizable by the 
naked eye. In the following plates, prepared for the new 
German edition of Gayer’s book, structural items are repro- 
duced in their natural size, the microscopic i)latcs of the 
earlier editions having been suppressed. 1 

Nature has facilitated greatly the study o£ the structure of 

• “Laslctt’s Timber and Timber Trees,” edited by Marsliall Wanl, ISltl; 
“ VVckkI,” U, S, Boulger, 15)02 ; “ TheTimbers of Commeree,” Ileilxjit Stone, 15)04 ; 
“ Exploitation Oommereiale des Bois,” Mathey, 15)0(1. 

t The translator has, liowever, letained these plates to illustrate the micro- 
scopic account of wootl-structuie given further on. 
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wood, although at first sight it appears to be of manifold 
variety. This is because the same structural or anatomical 
data are characteristic of genera. For instance, all Euro- 
pean, American or Asiatic deciduous oaks exhibit the same 
structure and anatomy; this is also true for all ashes, spruces, 
or firs, for all two-needle pines (Pinaster type) ; for all five- 
needle pines (Cembran type), and so on. The importance of 
this law is not only ponilivcy by simplifying the study of the 
characteristic structures of woody species, l)ut also neipitivCy 
as it thu,s l)ecomes impossible, either by the naked eye, or 
mici’oscopicalJy, to distinguish between difiereiit species of any 
genus; c.//., in oaks, to say of what species is any wood- 
specimen, or from what locality it comes. Custom-house 
exi)erience of recent years has thoi'oughly confirmed this 
statement. 

The same anatomical dilferences that exist in different 
species of a genus, for instance between species of oak or 
spruce, also exist in varieties of the same species, c.r/., in the 
sessile oak, or the European spruce. Such are : breadth of sap- 
wood ; ratio of spring-wood to summer-wood; number, height 
and thickness of medullary rays ; mass of parenchyma, vessels, 
traclieids, etc. Physical and technical characters, such as 
lustre, odour, colour, durability, strength, are the only indivi- 
dualities of woods of nearly allied species. The first throe of 
these characters change rapidly after a ti’ee has been felled 
aiid^converted, so that they are of diagnostic value for a short 
time only, while tlie two last can be decided only by technical 
experiments ; their exact determination is therefore very diffi- 
cult and not always practicable, nor satisfactory. 

Before describing the different components of woody tissue 
it is necessary to give a short description of its anatomical 
elements, as seen under the microscope. 

The cells of the pith are nearly isodiamctric and by their rapid 
sub-division cause the longitudinal growth of shoots, in which 
process the cells immediately round the pith also participate, 
partly by division and partly by being stretched. The pith 
cells often lose their contents early and then contain air only; 
they often, however, retain their plasinic contents for a longer 
l)eriod, during which they serve as reservoirs for starch and 
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other nutritive materials. Whilst the pith is important in the 
growth of yearling shoots, later on, irrespective of its dia- 
gnostic value it is unimportant as a factor in the quality of 
most woody species. Only, asdn palms, in species the annual 
shoots of which do not increase in thickness, is the pith of any 
moment in the quality of the wood. 

Around the pith are some of the longest organs, vessels 
(trachea) and traclieids. The widening of the cells of the 



1. — Tjiiusvei'sc suction of bcuchwiMHl. Ma^aiiliud li>0 t.iuiuh. 

a Narrow pith-ray. h Uroad pilli-ray. v ]»ouij<lary of an {inuaal 
riIl^^ Tliu lai’gu [lorus arc traiiKVcr.su suet ioii.s of vu.s.sc1k. Thu I hick- 
walled elciiiuiits with narrow liimina arc wotMl-fihrcs ; iIiokc with 
thinner wallH and wider luiuina, wood-parenchyma or tracheidB. 
11. Hart ig. 


meristem, or primary growing tissue of the yearling shoot 
(perhaps also their lengthening), is caused by the water taken 
from the plasmic contents of the nascent organs. Whenever 
vascular cells stand one above the other, the separating trans- 
verse walls of a number of them are absorbed so as to form 
vessels. Various kinds of thickening then line their lumina, 
and they are termed spiral, annular, or scalariform vessels. As 
soon as the vessel has attained its normal width, during the 
year of its formation, its plasmic contents and the water 
contained in its lumina disappear. Mayr’s observations are 


10 pbopbrSs of wood* 

opposed to those that represent vessels as the chief conductors 
of water ; they show that vessels normally never contain water, 
but serve exclusively for aeration and for conducting oxygen 
to the neighbouring parenchymatous cells, which are rich m 



Fijr. 2.— SpruccwiKHi. 

1, Naiiiral bizc. 2, Siiiall i»art. tif one uitij^niHed 100 limes (the 
vert ical tubes are wood- fibres, in thiscase all “ Iradieiils”). m Medullary, 
or pith, mys. n 'rnitisvci-He traeheids of i)ith-ray.s, with simple pits, 
except in lowest, row. a, h, ami c llordorcd pits of the traeheids, 
Giilarijed. Ilartig. 

plasma. For this and several other reasons, the theories of 
E. Hartig * ascribing; the formation of abundant spring- wood to 
the great demands of a tree for water are considered erroneous, 
and so is his treatise regarding the influence of nutriment and 
transpiration on the strength of wood, as if that depended on 
the volume of all the vessels in a tree. 

* II. lliirtig, •• Holzuiitcrsuchun{^t*n.*' Beihu, IhOl. 
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The parenchymatous cells are usually brick-shaped ; they 
are more rarely fibres with simple thinnings, termed pits, in 
their walls. These pits are small whenever parenchymatous 
cells adjoin one another, but large when they adjoin air-con- 
ducting vessels. Tlie parenchymatous cells retain their 
contents in conifers, until the sapwood becomes converted 
into heartwood ; in broadleaved wood they do so still longer : 
they are concerned with the storage and chemical conversion 
of nutritive material, and probably also with water-transport. 
According to the order of their arrangement, there are bands 
of parenchyma extending radially, termed medullary rays; 
also longitudinal parenchyma extending vertically alongside 
the vessels, but sometimes scattered in the wood, especially 
in the last layer of the summer-wood, and enclosing resin- 
ducts. 

Of the elongated, spindle-shaped cells there are three forms, 
tracheids, bordered-pitted cells, and libriform or scleren- 
chymatous fibres. U'lie first two form the wood of conifers, 
but also occur in broadleaved wood ; during their first year, 
after their walls have thickened, these elements lose their 
contents, conduct only air and water, and are occupied chiefly 
with water- transport. Libriform or sclerenchymatouB fibres 
arc cells with highly thickened walls and very small simple 
pits; they lose their contents in their first year and conduct 
water and air only, being employed for water-transport ; the^ 
do not occur in conifers. 

Fibrous cells are spindle-shaped parenchymatous cells witl 
similar functions to those of sclerenchyma. 

It is easy to see that all the above organs, especially tliost 
with thick walls, tend to strengthen the wood, but the latera 
union of the cell-forms in the woody tissue is no \m 
important than the structure of the cells for the strength o 
wood. 

The construction of the bole of a tree is explained best b^ 
observing the formation of an annual shoot, which is similai 
to that of a herbaceous plant. This in trees is a prolongatior 
of the previous year’s shoot and is connected with all tin 
lower parts of the tree, down to the root-tips. 

If from a bud, c.f/., of a spruce, the scales are removed, i 
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little vegetating spheroid is exposed, constructed of thiu- 
walled isodiaiiietric cells, the meristem, or primary tissue, 
from which all other cell-forms spring. In this bud, when the 
growing-season commences, a central cylinder by rapid cell- 
division lengthens the bud into a shoot, whilst the externally 
surrounding cells (forming with the oldest vessels described 
lower down the medullary sheath) participate in the longi- 
tudinal growth, partly by cell -division, and partly by being 
stretched. At dilieront points outside this cylindei', which 
becomes the pith (Fig. 3, d/), the cells are stretched but not 

divided, so that elongated 
organs are formed, clearly 
differing from the pith but 
immediately adjoining it and 
termed vessels or trachea. 
They are followed by other 
wider vessels and other 
lignilied cell-forms, so that 
the new strand of tissue is 
termed a vascular or woody 
bundle (Fig. 3, /, II, etc.). 
Each of these bundles ter- 
minates externally with a 
group of cells, which are not 
lignilied, the bast or phloem 
(Fig. 3); between this and 
the woody parts termed 
xylem, adjoining the pith, a meristem, the cambium, remains 
(Fig. 3, c', r). The cambium in the first year increases the 
width of the woody bundles, producing bast-cells externally 
and internally wood-cells. Between every two adjacent bundles 
a narrow band of primary tissue unites the cortex {II) with 
the pith. These bands are termed medullary, or pith, rays, 
being parenchymatous groups of cells. W ithin each medullary 
ray, also during the first year, and originating with the cambia of 
the bundles, inter-fascicular or medullary cambium connects 
the latter into a closed zone, forming in a transverse section a 
ring ; it consists of only a few cells in each medullary ray. 
The shoot terminates its upward growth by a new bud, its 



Fig. Diagram himwiiig the; jMisilum 
of tlie wcKxly biimllfs, 7, //, etc. 

r, c' Cambium. .r,.r .Kylcm or w(kmI. 
/^ p I’hlocm or bast. .]/ Pith. If. 
Cortex. J/, It Mcdullaiy ray. 
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transverse growth, owing to the activity of the cambium, by a 
stiffly constructed mass consisting chiefly of wood (Pigs. 4 
& 5, 1), inside which on transverse sections is the pith, and 
outside, the cortex, while it contains the interposed cambium, 
the primary medullary rays (a «), and the secondary rays (/;), 
which have no connection with the pith. 

In the second and all subsequent years, a new woody zone, 
external and adjacent to the first year’s zone, is formed by the 
cambium ; it surrounds all the growing points of the yearling 
plant, the leading shoot, the branches and roots (Pig. 6). 



i. Kig. 5. 

Diagrams of transverse se<‘lions of a two years’ shoot, eoniferous (i), and 
bi’oadleavetl (r>). 


/The first animal zoiu*. J1 The second annual zoik*. Primary, iV, h 

secondary, mcdiillaiy rays, c, c Spring-woml. d, d Summm-wood. R 
Ct)rtex. ^/i 

On section e (Fig. O) of the two concentric annual zones of 
the plant, two concentric circles appear, the inner circle sur- 
rounding the medullary sheath with the pith in its centre and 
forming the first annual ring ; the outer circle surrounds the 
second year’s zone and is the second annual ring. Thus, every 
year a concentric zone of wood is produced, and by counting 
these zones on a transverse section of wood its age can be 
determined. 

The annual zones of certain trees exhibit differences in 
their anatomical structure, e.g,, in oaks and ashes, the vessels 
at the commencement of each year’s zone are wider than those 
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Nordlmger termed such woods ring-pored [Fig. 5; TI, r, spring- 
wood with wide pores (sections of vessels), /, d, summer- wood 
with narrow pores ; between them is the annual ring]. The 
term ring-pared is not happily imagined, as it is doubtful 
whether some woods are to be termed ring-pored, or not; 
the term scattered paves is also unsatisfactory, for the wood 
of oak and ash also possesses pores, though smaller ones, 
outside the ring of large pores; for this reason, in the 
following attempt to classify woods, the use of these terms is 
abandoned, though they may be serviceable for descriptions 
and tables of identification when unaccompanied by plates. 

In some other broadleaved trees, as in elms and cherry- 
trees, the early wood is richer in pores than the late wood ; in 
others again, such as beech, birch, lime, etc., there is no dis- 
tinction between the early wood and late wood in this respect, so 
that it is more difticult to count their rings. In coniferous woods 
(Fig. 4) vessels occur only in the medullary sheath, and the 
annual zone begins with a thin-walled, light-coloured'soft tissue, 
whicdi gradually, seldom abruptly, ])asses over into a thick- 
walled, dark-coloured, hard, late wood, with narrow lumina. 
Hence (Ihg. 4, IT, e) light-coloured soft early wood directly 
adjoins the hard, dark-coloured late wood of the previous year. 
In conifers therefore there are fairly recognizable annual rings, 
which facilitate the determination of the age of the tree. 

Owing to the important bearing of the softer early wood and 
Ibe harder late wood on the different qualities of wood, attempts 
have been made to determine more precisely, within the 
annual zone of wood, the periods which produce these layers. 
The formation of wood during spring, ?.c., in Central Europe 
from about the end of April till the end of May (in northern 
latitudes or higher altitudes from June), lias been termed 
spring-wood, while the wood formed subsequently during the 
same year, is termed summer-wood, or autumn-wood. As no 
wood at all is formed in North Europe during autumn, the 
latter term must be abandoned. 

With a rapid diameter growth and wide annual zones the 
soft spring-wood of conifers grows more quickly than the 
summer-wood; with broadleaved woods, on the contrary, 
wide annual zones imply hard wood, and narrow zones, soft 
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wood. This question will be discussed fully under the head- 
ing, “Weight of wood.” Only when the whole annual zone, 
consists of merely two cells, as in very suppressed stems, one 
may be termed the early cell and the other the late cell, 
and these, naturally, can be seen only through a microscope. 

The commencement of the non-growing season is charac- 
terised by the close of the annual ring, by the suspension of 
cell-divisioii in the cambium, by the emptying of the plasmic 
contents of all wood-cells except those of the parenchyma; 
deciduous foliage loses its green colour and falls several weeks 
after the completion of the annual zone of wood. The shorter 
the period of rest, the less distinct are the signs of the 
annual rings in broadleaved wood. In sub-tropical, evergreen 
oaks there are no ring-pores ; woody species in the tropics, 
where there is no season of rest for vegetation, have a com- 
plete period of cessation in the growth of wood whenever the 
tree in question loses its loaves, even if this should be but for 
a short period; should leaf-fail recur annually at stated times, 
for instance during the dry season, annual zotjgs of wood are 
formed, as in the wood of teak, of several tropical leguminous 
trees, etc. In most tropical woods, traces of zones resembling 
annual rings may be seen on a transverse section, but they 
cannot he considered as such, any more than similar formations 
in the wide late wood of pines, especially of the most southern 
species. 

The formation and structure of the wood of monocotyle- 
donous plants, palms and bamboos, differs from that of broad- 
leaved trees and conifers. In palm- wood (Fig. 27) the 
commencement of wood-formation is also in the bud; 
isolated vascular bundles appear in a pith-like i)rimary 
tissue, as continuations of the vascular bundles (ribs or 
nerves) in the leaves, wdiich spring from the single, 
unbranched, stem. These bundles are not, however, 
arranged in a circle, do not become united by a cambium, 
and are therefore unable to form a cambium for future dia- 
metric growth, In the transverse section of a palm-stem, the 
thickest vascular bundles are those that are innermost ; out- 
w^ardly they increase in number hut are smaller, so that the 
outermost layer of a palm -stem is the hardest ; the thin outer 



becomes ricli in silica. As the vascular bundles 
from the leaves bend inwards towards the interior of the 
stem and then outwards, the isolated brown or ])lack bundles 
passing here and there through the wood afford a striking 
characteristic of palmwood (Fig. 27). 

In Bamboos, numerous buds spring annually from under- 
ground rhizomes and grow in a few weeks into tall leafy 
shoots (culms). The size of the buds and consequently that of 
the culms increases annually from the seedling stage, until for 
a fixed term of years an even annual culm-diameter is attained. 
WheTi the culms blossom and fructify, the whole plant dies, 
including the rhizomes. As in bamboos the pith of the buds 
is segmented or chambered, when it extends into the culms 
hollows occur separated by solid transverse walls at the nodes, 
whence the culm-sheaths (modified leaves) spring (Fig. 28). 
The length of an iuternode, or the distance between the bases 
of consecutive culm-sheaths, is therefore a measure of the 
activity of the growth. The culm-sheaths soon fall, and their 
scars are visible externally as ring-like projections (nodes), 
and at the axils of each sheath, or of the upper ones, leaf- 
bearing branches spring from a depression in the culm. Owing 
to their internal transverse walls, the culms are utilizable 
for many purposes, while their lightness and extraordinary 
strength add much to their utility ; their strength is largely 
due to the large number of vascular bundles with scarcely 
any vessels, that are crowded together near the periphery of 
the culm with very little intervening parenchyma. 

A knowledge of the structural data of species of woods, as 
well as their identification, is best secured by using three 
sections made in different directions. The first of these 
(Fig. 7, //), a cross or transverse section, is cut perpendicularly 
to the pith or longitudinal axis of the wood : in this section 
the medullary rays M, M appear cut through longitudinallyif ' 
the vessels (at a, d) cut transversely in their width; the 
annual rings, owing to differences in adjacent structure, are 
most distinct in this section. Hence most authors, who deal 
with the identification of woods or the study of wood-structure, 
show transverse sections only. Nordlinger ^ is the chief writer 


* H. Niircllingcr, “ Qiierschnitte von 100 llolxartcn, 18r>2, erweitert, 1SH8, mil 
ti^dUimlitJcher Holzarteii zu 1 1 liaiiden. ’ 



following this plan ; his transparent woovhsections afford 
splendid materia! for Btudyiiig the anatomical structure . of 
wood; 11. Hartig^ gives plates of somewhat enlarged sec- 
tions, and his pamphlet is better written and more practical 
than N()rdlinger’s book. i)r. Mbller f also has published an 
excellent pamphlet with good plates on the structure of wood. 

The transverse section is, however, but rarely exposed in 
utilized wood, which usually occurs in longitudinal sections 
cut more or less parallel to the axis of the tree. These 
sections also show the wood-texture best; foresters should 
recognize European and the more im 2 )ortant foreign woods, 
not only by transverse sections, but also by the more important 
longitudinal sections. The radial or silver-grain section, 
more or less in the p’aiie of the medullary rays and radially 
inclined to the pith (Fig. 7, S), shows the vessels as liuely 
carved grooves or lines, of various lengths, the medullary rays 
along parts o£ their length 2 )orpendicular to tljc annual rings, 
and ill their height or breadth; the annual rings are less 
shari)ly defined than in the transverse section, but still 
sullicieiitly distinct. The other longitudinal section is more 
or less tangential to an annual ring, it is termed the tan- 
gential section (Fig. 7, F ) : on it the vessels ap 2 )ear as grooves 
of various length, the longer, the nearer is the cut to the 
true tangent ; the medullary rays (Figs. 7 and 8, F’, e) are cut 
transversely and show their height and thickness ; the 
animal rings aiijiear as wavy bands that greatly improve the 
appearance of the wood- texture, so that economically this 
section is very im 2 )ortanl, Burkart (Brunn, 1881) published 
a collection of forty wood-species, prepared by Podany in 
Vienna; each species was in a frame with three comiiartmeiits, 
one for each of the above sections. By this excellent method, 
a work of exceptional utility was produced, but unfortunately 
the edition is exhausted. A similar procedure was followed 
in America by B. B. Hough, of Louville, New York, which 
shows the American woods in three characteristic sections, 

* K. Jlai tjy;, “ Die Unlurscliuidunj^riuicrkiiisilctlei wjchtigereii in Deutschland 
wacliseuvlon IKilzer," 1 Aufl, ISSS. The 3rd edition of llartig’s buok is trans- 
lated by Somcivillc. Douglas, Kdinburgli, IS90. 

.1. lUdller, ‘‘ Die llolusloffe dcs Tisehlcrs u. Drcehslegewerbers, * 1. Das 
Ilolz. 



with English, French and German descriptions. Hough’s 
collection is just as useful as Burkart’s,. for although his 
species are all American, the law already referred to holds 
good, that there is no difference in the anatomy or structure 
of American, Japanese, or European oak wood, no difference 
in spruce wood from these countries ; also that the collection 
includes not only typical woods of all European species, but 
of many important American ones as well, such as mahogany, 
hickory, &c. For the same reason, Japanese wood-collections 
are serviceable also for European study, for the Japanese 
possess all our genera of trees and many others besides, and 
have also studied the structure of woods. 

In the following description of the structural data of the 
more important indigenous and foreign wood-species, the 
systematic arrangement followed by Nordlinger is rejected. 
European wood-species with the most striking structure come 
first, then those which have no clear characteristics, after which 
follow a few of the more important exotic woods. The plates, all 
original, show the three sections, natural-sized, of each wood. 
When the characters appear indistinct in the plates, they are 
so naturally, unless the section is inagniiied. The use of the 
magnifying-glass would have lightened the work of drawing 
the plates, but certainly would have diminished their utility. 

[The transverse section of the pith is stellate in the oak, pen- 
tagonal in poplar, quadrangular in ash, triangular in alder, 
and the pith is segmented in walnuts and bamboos. — Tr.] 

(A) Broadleaved Woods. 

1. Species of Oak ((Jacrciis), 

(including all deciduous oaks of Europe, America and Asia.) 

Transverse Section. — Thick medullary rays alternating with 
liner ones, they gleam in the dull surrounding tissues. In 
the spring- wood is a circle of wide vessels (pores), usually 
two along a radius; the vessels rapidly decrease in width 
towards the summer-wood and are arranged in radial rows. 
In the summer-wood they often bifurcate, and are visible 
because they are surrounded by a lustrous, pale circle of 
parenchymatous cells. Between these bright radial lines of 

c 2 
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vessels and parenchyma there run, in fine sections, as in 
Fig. 7, fine bright hands of parenchyma parallel to the annual 
rings : in very slowly gn-owii wood (Fig. 8), these are hardly 
visible without a magnifying glass. 



7. Type of Oakwood (Quercus). 

1/ 'J’rj.i.Mciht! siction. .S’ Ka.Iial scctiou. 

section. J/, .1/ meduUary 
rays. r Siii.\vi>o<l. r, a Heurtwooil. 



S. ' - Nfii'ro'v-ztjiujtl i)!ik- 

W(km 1. Kacli boniureU 
by Ji ■/.one of widi; vcswls. 



y. — Wood of the red oak. 
f/>' Zones of 

wood. fA, Zones of sum - 

iner-wood. r, c Medullan’’ 
rays. 


Badial Section. Ihe pores appear as depressions like 
giooves rendering the annual rings distinct; these grooves 
g Mm H ig 1 j I the section is through heartwood, the vessels 
beniK hlled with thyloses (internal growth of cells). The 
medullary rays sl.ow as broad bands, or as portions of bands. 




Pl/AIJS 1 


( Sessile Oa/c.— Section from a tree lOD years old (sp.gr, 
0*691). Slow regular growth in a dense High Forest. 
Wood of best quality for cabinet-making. F(n*est of 
Moladier (Allier). Altitude 975 feet. 


f Sessile Oak . — Section from a tree from near Lake 
B. j Thirlmere, in Oumberiand. Altitude 600 feet. Glacial 
I drift. Slow regular growth. 


€. 


f Pedunculate Oak . — Section of a tree from the Forest 
I of Dean^ where oak attains 6 feet in girth in 75 years. 




PLATE L 

TYPES OP OAKWOOD. 
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in acoount of the obliquity of the cut or the slightly undu- 
lating course of the rays through the wood; according .to 
their angle of inclination to the light, the rays appear duller 
(Fig. 7, S, e) or brighter (Fig. 8) than the surrounding tissue. 
The annual rings are seen as dark lines on the medullary 
rays, the tangential parenchyma seen on the transverse section 
here appears as fine parallel lines. 

Tangential Section.— Intersected vessels appear clearly as 
more or less lengthy grooves; in a curved or scalloped 
distribution on the section they mark the annual rings. 
In the summer-wood these are but slightly marked. The 
sections of the medullary rays are arranged vertically 
as long, dark, dull lines, somewhat thicker in their middle 
parts. 

The sapwood is one to three centimetres broad, light- 
coloured : the heartwood of variable colour, in freshly cut 
wood it is somewhat useful for determining the species and 
country of the wood, but this is not reliable enough for com- 
mercial purposes. Heartwood of most oaks is dull brown, in 
rod oak {Q, rnhm) and Turkey oak {Q, (U'vris) somewhat 
redder; numerous other kinds of oakwood are known in 
commerce, e.g., thus stone-oak wood denotes hard quality, 
while winter and summer oakwood have respectively hard 
and soft woods, but not specific differences (such as Q. pedun- 
culata and Q, scftsilijjora). Black or brown oak is a dark 
valuable natural oakwood, that is w^ell known in England ; in 
Germany, the term is ai)plied to oakwood that has laid long 
in river- water, or in chalybeate water. Hazel -oak is very 
narrow^-zoned. The colour of oakwood eventually becomes 
darker, as do all woods^ 

2. Species of Beech (Fagvs). 

(In Europe, America, Asia and New Zealand.) 

Transverse Section. — Pores invisible ; on thin transparent 
, sections very fine, very numerous and uniformly distributed. 
Bays some thick, others fine, always forming bright bands, 
.sometimes lighter, sometimes darker than the surrounding 
Mssue^ according to the angle of incidence of the light. 
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Summer- wood darl^er than the spring- wood, hence the annual 
rings are fairly distinct. 

Radial Section. — The borders of the annual rings are quite 
distinct as dark hands of variable thickness. The rays, 
according to the incidence of light, are light and lustrous, or 

dark and dull, in hands 
H. 
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of varying thickness. 

Tangential Section. — 
Dark hands show the 
summer- wood. The sec- 
tions of the rays are 
ve-ry numerous, dark 
lenticular streaks. 

The sapwood is very 
broad, tlui hearfwood hut 
sliglitly coloured, or 
distinctly brown ; in 
American beechwood, 
V(U-y brown. In Fairo- 
pean Ix^echwood, the 
heart wood becomes 
clearly distinct after a 
felling. A reddish or 
dn,rl\ brown coloured 
heartwood nofir th(i pith 
is abnormal [ride j). 140). 
A f(iw (lays after the 
felling, the drying of the 
wood outwardly fi’om the 
pith becomes apparent 
by the lighter colour of 
the inner zones of wood ; this light colour jiroceeds up to 
the bark, for the light brown colour of beecdiwood comes 
on gradually. 


( , 
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Fiji:. 10.— Type of Beechwood (Fagos). 

^/, N, /’ns ill Fiy. !>. a S]nintr-\\ofKl. 
h SunniKM’-wooU, c. v M(‘(lullnr.> inys. 


8 . Spccu'it of Ash (Fraxii)i(s). 

(In Fiirope, America and Asia.) 

Transverse Section. — Pores numerous and large in the 
spring-wood. In the summer-wood they are less numerous, 
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blit small and bordered by pale parenchyma, and therefore 
visible as bright points 
in the surrounding darker 
tissue. Tangential paren- 
chyma is not visible (Fig. 

12b). This is the main 
difference between ashwood 
and hickory- wood, the latter 
possessing visildo white tan- 
gential parenchyma that 
is paralhd to th(i annual 
rings (Fig. 12a). The rays 
are scarcely visible. Sum- 
mer-wood somewhat darker 
than spring-wood. Owing 
to the large pores, the 
borders of the annual rings 
are distinct. 

Radial Section. — The 
borders of the annual rings 
are marke<l hycurved grooves 
of the large vessels in the 
spring- wood. The medul- 
lary rays are slightly visible 
as very numerous, narrow, 
bright hands or patches. 

Tangential Section. — A'es- 
sels as in the radial section, 
but in shorter lengths. The 
finer pores of the summer- 
wood with their parenchyma 
are seen only on very smooth 
sections, according to the 
angle of incidence of light, 
as brighter or darker fine 
lines. The sapwood is very 
broad ; the heartwood (light 
brown) at first reseiublcs the sapwood, but becomes darker 
as the wood dries. 




A JTid?ory-woo<l. B Ashwood. 
(Slij^htly enlarged.) 
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Species of Elm (Ulmvs), 


(America, Europe and Asia.) 

Transverse Section.— Pores are larger in the spring- wood 
than in the summer- wood, usually one or two in the radial 
direction, so that the annual rings are distinct. Jn the 
darker mass of the summer-wood, the pores are arranged 

as tangential rows of 
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dots, which, owing to the 
pores heing bordered hy 
parenchyma, appear 
fis peripheral wavy lines. 
" ' T ’ ^ scarcely 

i ' visible. 

^ ' K-adial Section. — The 
(f-v JiwlKllary I'livYS sliow as 

' gleaming, light brown, short 

^ M 1 streaks 

\m '' , L 

l'r> ■ f J ■ ! histrous mass of tissues. 

1 ' .'f ; , \ The borders of the annual 

i‘. I • zones are distinct, being 

• ' ' ' / .'i J f 4 |V represented hy the sec- 

U'/ , ’'Sj >{ ♦ /• t |!f *' tions of the vessels. The 

wmy lines of the transverse 

‘ ' section appear as fine 

N \ i V ' parallel lines. 

NVv ‘Tangential Section. — The 

cut vessels are the larger, 

... ,o m ..xwi j /TTi X the more approximately 

jqtr. i:i —Type of Elmwood (irimus). . 

tangential is the section, 
otherwise as in the radial section. Transverse sections of the 
medullary rays are scarcely visible as very lino, dark streaks. 
The vessels and lines of parenchyma of the summer-wood 
are distinct as parallel zigzag lines, somewhat darker than 
their environment (Fig. IB). 

Elms have a broad, dark brown heartwood, that on drying 
rapidly becomes darker. 


r . 'g'itf!' IM i’ 
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. — Type of Elmwood (ITlmus). 
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5. The Sweet Chestnut {Castnnea), 

(America, Asia and Europe.) 

Transverse Section. — Vessels somewhat larger and more 
numerous in the spring- wood ; in summer- wood often 
arranged in radial, bifurcating rows, as in oakwood, and, 
owing to their being surrounded by pale parenchyma, 



Fit?. 14. — Type of Sweet Chestnut Fii^. 15.— Type of Kobinia Wood 
Wood (Castanea). (Robinia). 


they appear as whitish forked lines in the darker mass. 
The medullary rays are scarcely visible. 

Eadial Section. — The annual rings are distinct, owing to 
the sections of the vessels ; the medullary rays are faintly 
, recognizable as short, bright portions of bands. 

Tangential Section. — I’he vessels and annual rings as in 
radial section (showing five years’ growth in Fig. 14). 
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Wavy lines of finer vessels and surrounding parenchyma 
scarcely recognizable. 

6. The lloUnia or False Acacia {Itohinia). 

(This includes oilier Papilionaceae, such as Gleditsia, 
Laburnum, etc.) 

Transverse Section. — The pores in the spring- wood some- 
what wider than in the summer- wood; in the sapwood 
(Fig. in, left-hand) open, and therefore dark in the plate, 
but closed by thyloses in the heartwood, so that they are 
but slightly visibh', in the pale yellow spring-wood. The 
vessels in tin*, darker summer-wood are surrounded by 
pale parenchyma, and appear as wavy or zigzag lines. 
The sjiring-wood is pale and porous, so that the annual 
rings are distinct. The medullary rays appear as pale, fine 
lines. 

Eadial Section. — The borders of the annual rings are quite 
distinct, owing to the open grooves of the vessels in the sap- 
wood, and the pale zones of s])ring-wood in the heartwood. 
The rays are distinct as bright, pale portions of bands. 
The ])arenchyma of the summer-wood appears as bright 
longitudinal lines. 

Tangential Section. — The vessels of the sapwood and heart- 
wood appear as in the radial section ; the 2 )arenchy]iia of the 
summer-wood, as wavy bands parallel to the annual rings, 
brighter or darker than the mass oi the. wood according to 
the angle of incidence of light. 

Robinia. — The sapwood i.s narrow ; the heartwood light 
yellowish-green, becoming later brownish-green. 

Gleditsia. — Sapwood broad ; heartwood rose-coloured. 

liaburmim and Cladrastis. — Very narrow sapwood ; heart- 

wood rodd\^-VTOwn. 

7. Species of Walnut (Juplans). 

(Bopremited by s/a sjwc/os m An.orica, Aum and Eiirojte.) 

naasveiae Section. The pores are pretty evenly distri- 
iifciffl^^Rghout the annual 
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abundant in the spring-wood ; 
they are also larger in the 
spring-wood. The suinraer- 
wood is somewhat darker 
than the spring-wood. Rays 
scarcely visible. 

Radial Section. — The 
vessels in the spring-wood 
form large grooves, dark 
brown or nearly black ; light 
brown in the gr(\y walnut. 

Hays scarcely visible. 

Tangential Section. — The 
annual rings are, according 
to the incidence of light, 
either bright or dark lines. 

The vossols as in radial sec- 
tion ; medullary rays invisible. 

Juglans nigra.— Hapwood 
broad ; hoartwood reddish- 
brown. 

Juglans regia.— Sapwood 
broad ; heartwood light grey —Type of Walnut-wood 

to dark violet. (Juglans). 

Juglans cinerea. — Hapwood broad ; heartwood light 
brown to greyish-browoi. 

8. of Majde (Acer). 

(America, Asia and Europe.) 

Transverse Section. — Rpring-wood is pale, summer-wood 
dark, so that the annual rings are clearly marked. The 
Vessels fire all very narrow and invisible. The medullary 
rays are numerous, and with proper Hght-incidenee appear as 
pale, liright lines. 

Radial Section. — Annual rings only fine dark lines. 
Medullary rays, according to angle of light-incidence, either 
pale or dark bands, or specks, silky, narrow and very 
numerous. 




- ^ pboperties of wood 

Tangential Section.— Annnal rings "^Medullary 

surrounding; tissue. 



Fig. 17.-Typ« of *»pl«wood (Acer), 
and wood of Cherry or Plum (Prunne), 


Fig. 1R.-Type of Hornheam-wood 
(CarpinuB). 


L wood of Cterry or rium 

Sapwood broad; beartwood bright brown, subsequently 
becoming darker. 

9. Species oj Chernj avd Phi'in {Prunvs), 

(American, Asiatic and European.) 

These woods <rroatly resemble that of maples in their struc- 

JiJe— “ rlrir- 

chie., in il.. col.« .< 

being yellowish-brown and cherry-wood of a reddish tint 
:the heartwood, with a broail sapwood. 



^iCEOSCOWi! 8TEUCTUEE. Jfl 

10. Spenes of Jlovnheam {Carpi nu ft) 

(American, Asiatic and European.) 

Transverse Section. — The ordinary medullary rays are very 
fine and hardly visible ; where several unite to form a band, a 
dull, broad, compound ray occurs. The number of these 
broad rays is very variable, depending on the individuality of 
a tree and its locality ; many pieces of hornbeam-wood liave 
no broad rays, while in other pieces they are numerous. 
They traverse the wood in slightly curved lines, owing to the 
waviness of the annual zones.' The aj)nual rings are not 
very distinct, as the summer-wood is but slightly darker than 
the spring-wood. 

Radial Section. — The vessels, annual rings, and fine 
medullary rays are scarcely visible ; the compound rays arc 
dull, broad bands, or parts of bands, but are ve.ry distinct. 

Tangential Section. — Tlie zones of summer-wood apj)ear as 
zigzag bands, of which broader or narrower parts may be 
seen, according to the direction of the section. The com- 
pound medullary rays appear as thick, dark, dull lines of 
various length. 

bapwood and lieartwood of similar colour. 

11. Species of Alder {Ainas). 

(European, American and Asiatic.) 

Transverse Section. — The vessels and fine medullary rays 
are invisible. The compound rays, like those of^he horn- 
beam, are very distinct but often few in number though 
sbmetimes numerous, and thus alderwood is easily recogniz- 
able. The annual rings are fairly distinct, owing to the light 
sapwood and darker lieartwood. The wood is easily distin- 
guished from that of hornbeam by the heaviness of the latter. 

Radial Section. — The annual rings are most distinct along 
the compound rays, which appear as broad dull bands, or 
parts of bands, running through the wood. The fine rays 
are scarcely visible. 

Tangential Section. — The annual rings are distinct, especi- 
ally at their points of intersection by the compound rays. 



80 


PROPERTIES OF WOOD. 


v?hich appear as long, dark, dull lines. These rays resemble 
those of hornbeam -wood, and may attain 10 c.4n. in breadth. 



' u 


Fig. lU.— Type of Alderwood (Alnus). 


The sapw(K)d is broad; the 
heartwood, in the grey alder, 
of almost the same colour as 
that of the sap wood, in the 
black alder it is reddish or 
yellowish-red. 

Owing to the absence of any 
decided characters that could 
be reproduced in a drawing, 
no plates are given of the 
following woods. Tliey are not, 
however, diHiciilt to identify 
if the i)oints brought forward 
are attended to. 

1*2. Sj^ccics of Birch {Bdala). 

(European, Asiatic and 
American.) 

The annual rings are dis- 
tinct on none of the sectiojis ; a 
some what darker summer- wood 
marks their position feebly. 
The line medullary rays are 


visible only on a shari)ly cut radial section. The best charac- 
teristic of the wood arises from the narrow vessels, which 
on the trtinsverse section appear as line points; on the longi- 
tudinal section, as line lines; they are white. When one 
holds and turns the piece so that the light falls on it over 
the observer’s shoulder, the annual rings then appear as thin, 
dark lines. 

Most birches liave sapwood and heartwood of the same 
colour, only the wood of the cherry-birch {Betula Iviita) has a 
brownish heartwood. 


13. Species of Lime-trees {Tilia). 

Limewood or linden-wood shows its light yellow annual rings 
on every section. If the piece of wood is observed as was 
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recommended above for birch, the whitish vessels are either 
invisible, or are seen here and there ; the medullary rays are 
somewhat more distinct. The sa[)W()(>d is broad, the heart- 
wood sliglitly brown, liircliwood is always lieavier than 
limewood. [Lime is also the name for species of Citrus. — Tr.] 

14. Species of Pear, Apple and Sorbiis. 

(Including the genera Tirus and Sorbus, reprosoiitod by 
iiimierous species in Asia, America and Europe.) 

Decided characteristics are wanting. Tlie medullary rays 
may be distinguished on good sections. Owing to tiie 
uniformity of the spring-wood Jind summer-wood, no valuable 
information is obtai?ia))le from an ijispection of any of the 
sections. The superior hardness and specific gravity of their 
wood, when compared with limewood, is a useful test. 

The sapwood is broad ; the heartwood in applewood, reddish- 
brown, and browner in pear wood, in the wood of species of 
hJorbus, of a lighter yellow or brown. 

15. Species of Popidas and Salix. 

The soft, light wood of poplars and willows most closely 
resembles that of conifers, but may always be distinguished 
from the latter by its numerous very fine vessels ; it is distin- 
guishable also from birchwo(xl, which is heavier, by the 
whitish gleam of the pores (observed as in birchwood with a 
favourable incidence of light) ; from limewood, ])y the absence 
of bright annual rings. 

The sapwood is very broad, in poplarwood of the same 
colour as the heartwood, but abnormal colouring owing to 
decay is frequent. Various species of willow possess variously 
tinted heartwood. 

16. Species of Horse-Chestnat {Acsculus), 

(Europe, Asia and America.) 

On none of the sections is there any decided cliaracteristic, 
owing to the almost homogeneous pale-yellow wood ; the wood 
can therefore without difficulty be distinguished from that of 



t)ther broadleaved trees, but it is difficult to distinguish it 
conifers, except iiiicrosco 2 )ically. On all the sections, a brigbtr 
line between the spring- wood and summer- wood is a good test 
for horse-chestnut wood. 

Of foreign woods, only those will be described here that 
come into the home-market and compete with indige- 
nous wood. No foreign woods 
either will be described that 
have come into any of the 
above-mentioned groups, as 
they cannot be distinguished 
with any certainty from 
indigenous woods of the same 
genus, either by ocular vision, 
or microscopically. 

17. Spccka oj Ilickonj 
{ILkoria (Carya)). 

(North American only.) 
Hickory -wood (Fig. 12) re- 
sembles that of ash most 
closely, but may he dis- 
tinguished from ashwood by 
the line bright lines of paren- 
chyma that run parallel to 
the annual rings, and are 
absent from ashwood. 

Bapwood broad, heartwood 
Fig. 20.-^Maliogaiiy-wood (Swietenia). light browil. 

18. Mahogany-wood (Swktenia), 

(Tropical America only.) 

Transverse Section.— The medullary rays are distinct as 
numerous, fine, bright lines. The vessels are uniformly dis- 
iributed, partly filled with thyloses, and then seen as bright 
dots, if not so filled, the dots are dark. Interruptions of; 
growth are marked by very distinct bright lines, resembline*; 
;.>naual rings; the mass of the wood is slightly bright^^ 
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-Thei^ medullary rays gleam out in the 

bright mass of the wood as numerous narrow parts of bands* 
The sections of the vessels are dark but lustrous. 

Tangential Section.— The lines of interruptions of growth 
show as bright bands; the 
vessels as parts of canals, 
similar to those in the radial 
section. The wood is bright 
in this section also. 

Sapwood narrow, heart- 
wood bright reddish-brown ; 
specific gravity like that of 
walnut. 

19. Species of Cedrcla-wood, 
commonly known as Cedar- 
wood (Cedrela), 

^Tropical and sub-tropical 
America, Asia and Aus- 
tralia.) 

Cedrela-wood or cedarwood 
is softer and lighter than 
mahogany, though very near 
it in structure. The vessels 
of the spring- wood are some- 
what larger than those of 
the summer-wood; the entire 21.— Teakwood(Teotonagrandif). 

’ wood is somewhat less 

InBtrouB, and the tint of the heartwood is of a greyer red than 
the bright red of mahogany. 



20. I'eakwood (Tectona grandit). 

(Tropical Asia.) 

Transverse Section.— The commencement of each season’s 
'growth iB marked by a narrow bright zone of very dietmct ; 
and usually open poreB, which are conaequently dark m the , 
plate; the poree are often in groupB. TowardB the end of 
leach season’s growth, and therefore resembling summer- wood, 
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there are closed vessels, which are visible as bright 
The medullary rays are scarcely visible. 

Badial Section. — Vessels in the late wood show as bright 
lines, those in the early wood as dark shining grooves cut 
longikdinally. The annual rings form bright lines. The 
medullary rays are brighter or darker, according to the angle 
of incidence of light, than the slightly lustrous mass of 
the wood. 

Tangential Section.— Alternately dark and pale bands show 
the season’s growth ; the vessels are as in the radial section. 

No less frequent, hut very characteristic features, are the 
isolated larger vessels filled with a snow-white matter, that 
appear in the transverse action as white points, and on the 
loifgitudiiuil sections as white lines. Besides the scent, 
resembling that of caoutchouc, the brownish-grey tint of 
the heaiTwood is noteworthy. 

21 . Bortrooi] (Bkxuh). 

(Chiefly from southern Europe, Asia and America, but also 
indigenous in England and Erance.) 

■ Medullary rays and vessels invisible on all the sections. 
The annual rings appear as darker lines in the otherwise 
uniformly bright yellow-coloured hard and heavy wood. 

22. Olive wood (Olea), 

(Southern Europe, America and Asia.) 

Vessels and medullary rays invisible on all the sections, but 
differs from boxwood by inferior hardness and specific gravity ; 
its colour is also rather pale-brown than yellow, and the 
annual rings are often obliterated by a brown colouring 
matter, which permeates the wood. By rubbing the wood, a 
characteristic scent resembling that of teakwood, occurring 
also in boxwood, is noticeaWe. 

23. Lignuvi-Vitae or Pidley-wood {Gmiacum), 
(Tropical America.) 

The annual rings are distinct on all the sections, owing to a 
dark brown zone. Medullary rays invisible ; the vessels are 
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IS but distinct as dark green lines and points. The fibres 
change in direction from left to right and from right to left 

Sapwood narrow, pale, and of a dull yellow ; the heartwood 
olive-coloured and scented like gum. 


24. Ehonji-wood (Diospyros). 

(Numerous species from warmer and tropical countries.) 

The medullary rays are invisible, the vessels in the deci- 
duous species are larger than in those that are ^ergreen ; the 
former have also more distinct annual zones. 1 ho sapwood of 
true ebony is pale and of much lighter weight (about ; 8) 
than the heartwood; the heartwood of some deciduous species 
is light-grey with intervening darker tints. That of sonie 
evergreen species is either dark brown or black, or with bands 
of grey and black wood, as in calamander-wood (/>. r/iwcsiM). 
In black ebony {D. Ehemm), the vessels aiipear in longitudmal 
sections as lustrous fine dark lines, contrasting with the dull 
ground- tissue. 

25. Jocamnda,] fake rosewood {Maeliaerium). 

(Brazil.) 

Very large isolated pale vessels, evenly distributed ; their 
lumina are filled with a lustrous parenchyma resembling 
varnish. Colour violet to brown. AVood sweet-scented. 


2(). lioscivooil {Edbcryia, Thetpeda, CahrphyUnm, etc.). 


(Several species from various tropical countries.) 

Vessels fine, but distinct. The wood is brilliantly “ flamed ” 
with red or cherry-coloured streaks, hence its name ; the rosy 
colour absent in decayed spots. Medullary rays scarcely 
visible. [Palisandre is the French name for rosewood.— Ir.J 


• Gamble, “ Jadian Timbers,'’ aaWivi.lcs ebony-womls as • 

1. Hear twood wholly black, or sUgbtly sti-eaked, as m D. IMrnm. 

2 „ • streaked black and brown, or grey (B. juaemta). 

S. „ very small, black streaks in brown or grey wood (B. 

Emhnjopfenx). 

4 none. Wood of various tints (i>. Lotm). Kuropean. 

t [Jacaranda’is the Brasilian name for Maehaeriuv,. The genus Jumranda 
8 a Bignoniad of no value as wood. Ir.] 
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27. Padauk (Pterocarpiis). 

(P, indiciis and P. macrocarpus from Burma, P. dalhergioides 
from the Andaman Isles, also P. indicus from Cochin- 
China and New Caledonia.) 

In smooth longitudinal sections, bright lines of parenchyma 
occur in the bright red ground tissue. The vessels are dis- 
seminated scantily, and their sections are lustrous ; bright lines 
of parenchyma concentric with the zones of wood. The colour 
of the wood is usually bright red. The Andaman Padauk 
appears to he the best (Gamble). 

28. Tvlipwood, Cunarg WJdtnrood {Lhiodendron). 

(From North America.) 

This wood is known also as American poplarwood, which 
name is very misleading. 

Transverse Section. — The medullary rays are very nume- 
rous, distinct, briglit lines resembling those in maplewood 
(Fig. 17). The annual rings form distinct white lines ; the 
vessels are invisible. 

Badial Section. — The medullary rays are narrow lustrous 
bands ; they pass transversely through the annual rings, as 
white lines. 

Tangential Section. — With a suitable incidence of light the 
white annual rings are visible. 

The sapwood is broad ; the heartwood, bright yellowish- 
green or olive-coloured. 

29. Violet-wood or Myall (Acacia Iwmalophylla), 

(South Australia.) 

On a transverse section, the vessels are seen equably distri- 
buted, the bright bands of parenchyma are scarcely visible ; 
the general colour is brown to olive-green. Wood scented 
like violets, [Acacia pendula^ from Queensland and New South 
Wales, is in England termed violet- wood.] 

(B) Coniferous Woods. 

There are no broad medullary rays nor vessels in coniferous 
woods; the few vessels which surround the pith- are of no 
importance for identifvine wood. The fine medullarv rava 
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aW veiy numerous. Several coniferous genera have resin- 
dnots, which are readily distinguished from vessels owing to 
constitution and their position in the wood. Unlike 
vessels, they have no proper walls, and are not only vertical, 
or parallel to the wood-fibres, but also horizontal, in the 
medullary rays. Resm-ducts are full of turpentine from the 
commencement of their formation, as intercellular passages;, 
as long as the passage widens and the surrounding cells 
increase in number, turpentine flows from these cells into 
the resin-duct.* The presence or absence of resin-ducts, fjjeir 
size, colour, etc., or their local swellings as resin-gaUs, supply 
an important aid in the identification of genera. All species 
that have resin-duets, when freshly felled exude turpentine 
from the sapwood of the sections. Owing to their arrange- 
ment in the wood, resin-ducts appear in a transverse section 
either as dot-like cross-sections of the vertical ducts, or as fine 
radial lines, the longitudinal sections of the horizontal ducts. 
On the radial section the ducts appear as lines running verti- 
cally or horizontally ; on the tangential section, the horizontal 
ducts are tine dots, and the vertical ducts are lines, ihe 
horizontal or medullary-ray duets are always finer than the 
vertical ducts. Resin-duets of coniferous woods are always 
seen most clearly, if light falls over the observer’s shoulder 
on to a piece of wood held nearly horizontally. When the 
annual zones of wood are narrow, there is usually less 
reduction in the summer-wood than in the spring-wood, so 
that in general narrow- zoned wood is harder and heavier than 
wide-zoned wood (I'ide p. 57). 

30. Sp'itce {Picea), Pines (Pinas, sections Taeda and Pinaster), 
Larch (Larix), Voaglas-fir (Pscadotsuga). 

The genus Picea includes all species of spruce ; the 
sections Taeda and Pinaster include certain species of pine; 
, Larix includes all larches; Psetulotsuga four species of 
Doiiglas-fir from America and Asia only, the other genera 

being also European. . 

Transverse Section. — Medullary rays are scarcely visible ; 

♦ H. Mayr, “ Das Harz der Nadelholzer.” Berliu, 1894. 




Radial Section.-Tlie resin-duets appear as line lines (but * 

> “teiy .ta«» I" «» Ti.. w. « 

faintly visible and render the radial section of conifers lustrous, 

between the dark summer-wood and pale spring w 
Tangential Seotion.-The resin-ducts, esiiecially 
occur in the suininer-wood. show distinctly as longer or shorte 
lines. The annual rings are also distinct. 






Section from a spruce tree 200 years, M (sp.gr. 
0-627). Slow regular growth in a dense fores . oo 
, of best quality for cleaving : used for 
I r.hamounix (Haute Savoie). Altitude 4,5«S0 feet 


Section from a larch tree. Eegular structure even 
Wd moderately fast growth. Kippendavie, Perthshire. 
Old red saDdstone. 




Section from a larch tree. Vejy rapidly grown wopd 
produced at a low altitude. Wd Bathurst’s woods,, 
near Cirenceeter. Great ooliter 


[Ta /<M» B8, 



PLATE II. 

TYPES OF SPRUCE AND LARCHWOOD. 
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Genus ]W<5ea, species of spruce. The sap wood of moderate 
breadth, the heartwood contains no colouring matter so that 
after the sapwood has died, the sapwood and heartwood assume 
the same tint and remain similarly coloured. The sapwood is 
characterized by an exudation of turpentine, as in all woods 
belonging to this type. 

Genus Pinus (Pinaster type). — The Pinaster pines are 
two-needled, with a moderately wide sapwood and slightly 
reddish-brown heartwood, which becomes darker after felling. 
The resin-ducts are somewhat larger than in spruces, and a 
sudden transition of spring- wood into summer-wood is com- 
moner in these pines. 

Genus Pinus (Taeda type), three-needle pines.— Sapw^ood 
variable in breadth, heartwood as in Pinaster pines, but 
resin-ducts larger and more distinct than in the latter (Fig. 23, 
wood of Pitius pitchpine). There is usually a moie 

sudden transition into the broad, hard, reddish summer-wood 
than with Pinaster pines, to which section our Central and 
Northern European pines belong. 

Genus Larix.— Species of larch with narrow pale sapwood 
and reddish-brown heartwood. The resin-ducts are always 
finer and less numerous than in all the above-mentioned species. 

Genus Pseudotsuga.— Hpecies of Doiiglas-fir. The sapwood 
is fairly ijroad, the heartwood reddish -browji, as in larch, and 
cannot be distinguished externally from larch heartwood. 
For a certain diagnosis of the wood of all the above species 
the use of the microscope is necessary, and exhibits such great 
differences in the anatomy of the medullary rays, the resin- 
ducts, and in Vuudotmija, also in the tracheids, which (as was 
shown by Somerville) have, like yew, spiral thickenings, 
that no possible confusion can arise. 


ffl. Cemhran innewood {PiniiSf sections Cemhra and Strohus). 

(There are eight species of the Cemhran type and eight of the 
Weymouth type in Europe, Asia and America.) 

The resin-ducts on all the sections are more distinct 
than in the Pinaster pines, but less so than in the laeda 
^ pineg, The transition from the spring-wood to summer-wood 



is' gradual, and the latter is limited to a nattotr zoa8.| 
The sapwood is broad, the heartwood pale reddish-browii,^;i 

becoming darker on seam-; 
ing. Narrow-zoned Wey- 
mouth pinewood taken from 
the outer zones of old trees 
is not distinguishable from 
Cembran pinewood, even 
microscopic observation fails 
to separate them. 

82 . Woods of Silver -fir j 
Abies ; of Hemlock- spmcCy 
Tsiiga ; of TaxodiniaCf 
Sequoia, Cryptomeria, and 
Taxodium ; oj Cedars, 
Cednis.* 

The genus Abies includes 
all silver-firs in America, 
Asia and Europe ; Tsuga is 
represented by seven species 
only in America and Asia ; 
Sequoia and Taxodium in 
Fig. 24. -Type of CembraE Pinewood America only ; Cryptomeria 
{Pinv^, group rrmhm), and of Wey- . Cedrus bv three 

mouth pinewood (Pr/iWAsgioupiJiSfrwJMA). . . 

A Cembran piiK., B Weymouth pine. Bpecies or varieties in Africa 

and Asia. 

As there are no resin-ducts,* only differences in colour and 
'scent apparently are available in the identification of these 

• [The wood of Deodar (^Cedrtix Lihanlt tar, Peodara) is moderately hard, 
strongly scented, and very oily. The annual rings are distinct, owing to the 
..darker summer-wood. The medullary rays are flue, unequal, and irregular, 
fairly numerous, and show as a silver-grain on the radial section. The rcsin- 
ducts are contiguous and arranged in concentric rows of single ducts close to 
the borders of the annual zones of wood. They are absent from some of these 
, zones, and in the specimen before me appear in alternate zones only. More 
knowledge is required about these ducts in deodar-wood, and whether they 
• occur also in the cedars of licbanon and of the Atlas Mountains. Their 
presence in deodar-wood was reported in Gamble’s “ Indian Timbers,” first 
’ edition (18^1), but was omittedjji the second edition of this book (1902). Other 
fj^HUtborities state that cedarwood contains no ducts.-- Tr. J 
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" Even microscopic observation fails owing to similarity 
to tbeir structure. 

" Species of Silver-flr (Abies) are characterized by the fact 
that there is no colouring matter in either sapwood or heart- 
wood ; in this they resemble sprucewood, but can readily be 
distinguished from the latter by the absence’ of resin-ducts. 




aud Cedrm, 

Species of Hemlock-spruce (Tsuga) have a broad sapwood 
and a grey or greyish-brown heartwood. 

In Sequoia the sapwood is narrow, the heartwood cherry- 
red, eventually becoming greyish-brown. 

> Taxodixim has a broad sapwood and a greyish-brown heart- 
iFOod; Cryptomeria, a broad sapwood and a reddish-brown 
^artwood. In cedarwood the sapwood is broad and the 
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heartwood yellowish-brown. There are some microscopic 
differences between the above-mentioned woods. 

83. Woods of the family Cupressineae (Genera^ ChamaeeypariSf 
Capressus, Thuya, Lihocedrus, Juniperus, etc.)- 

There are no resin-ducts, and these woods are difficult to 
distinguish from those of the former groups ; the finer tissues, 
especially in the summer-wood, and their characteristic scent, 

as well as differences in 
colour, afford a few not 
very trustworthy characters. 
Microscopic examination is 
also unsatisfactory. 

Lawson’s Cypress 
(Chamaecyparis Lair sou i - 
ana) has a broad sapwood, 
a pale reddish lieartwood, 
slightly differentiated from 
the sapwood, a character- 
istic scent. Cham, obtusa 
(Japanese) has a rose- 
coloured or reddish heart- 
wood and a characteristic 
scent ; Cham, pisifera 
(Japanese), a yellow heart- 
wood ; Thuya plicata, a 
brownish -grey heartwood 
in Thuya occidentalis the 
heartwood is almost identical with the sapwood ; Juni- 
perus virginiana and J. bermudiana, Pencil-cedar, a narrow 
sapwood, the heartwood being bright cherry- red and becoming 
later yellowish- brown, with a pleasant cedar-like scent 

(Fig. 26). 

(C) Falmwoods. 

34. Woods of the genera Areca, Arenga, Borassus, Cocos, 
Corypha, Livistona, Sahal, etc. 

Transverse Section. — Vascular bundles with thick dark 
brown or black wood, that is very hard near the periphery of 
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the stem, evenly distributed, except that they become more 
numerous towards the cortex, but are reduced in thickness. 
Eadial Section. — Some of the vascular bundles are vertical 


and others oblique, running inwards, or 
outwards (as in Fig. 27). 

Tangential Section. — Some of the 
vascular bundles are vertical, others 
triangular in cross-section, and if the 
section cuts the bundles obliquely, they 
are lanceolate (Fig. 27). 

Palmwoods, according to genera, ex- 
hibit bundles of various colour from rose 
to brown and dark black. 

(D) Bamboowoods. 

35. iroo(/}{ of Ihe (jvnna Amndhiarca^ 
Bomhusa, etc. 

Transverse Section. — From the hollow 
outwards the vascular bundles are 
arranged in groups of four each, in the 
form of a (jross, nearer the cortex they 
are reduced to two woody parts, the 
inner of which constantly increases in 
thickness. The number of the bundles 
increases towards the cortex. 

Eadial Section. — The vascular bundles 
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appear as light brown or yellowish strands 
of varying thickness, they are also twisted 
into the transverse wall, that is opposite 
to the external projection from which a 
sheath-leaf has fallen (Fig. 28). 


Bamboowood. 

To tlie left, exterior, 
to the right hedlow in- 
terior in the pai-t of a 
transverse wall, opposite 
to the line of insertion 
of a sheath-leaf. 


B. The Physical Pkopeuties of Wood.* 

1. Colour. 

Much attention has not been paid to the colour of our 
indigenous woods, as only a few of them (except laburnum- 

* K. Nordlinger’s valuable works on wood comprise : “ Dcr Hol/riiig,” 1872 ; 
Die techniseben Eigenschaften der Hiilzei*,’’ I860 ; “ Die gewerblichen Eigen- 
* 8qhaf tender Holzer,” 1890. 
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Wood and brown oak) are naturally of a fine colour; 
desirable colours depend chiefly on fashion, while by bleach 
ing, and by the use of acids and dyes, any fashionable colou/^ 
can be produced. The natural colours of our woods are, 
utilized chiefly in wood-mosaic work. Freshly felled wood, 
as a rule, possesses a distinct colour, which is" only 
transitory. 

It is by chemical changes only that the surfaces of planks 
and scantlings, at first exhibiting very little trace of colour, 
often rapidly acquire a decided tint, c.g.y black alderwood ; 
such tints moreover cannot be fixed and are usually of no‘ 
economic value. It has been surmised that these changes of 
colour are due to tannin acted on by oxygen, by the air and by 
sunlight. Colourless saps and chromogen, that are the bases 
of madder, indigo and litmus and become coloured by oxida- 
tion or decay, are absent from wood ; some woods, such as red- 
wood or pernambuko-wood * {Caesalpiuia hrasiliensis) , contain 
an extractible dye. Caesalpinia Sappan^ cultivated in Southern 
India and Bengal, said by Gamble to be wild in the Shan 
States, yields a red dye, that is much used. Logwood [liaema- 
toxylon campechianwm) from the West Indies and Central 
America, red sanders (Ptcrocarpos santalinns) from Madras, 
and other tropical woods, also yield important dyes. All our 
own woods when boiled yield a brown colouring matter (colour 
of brown paper). 

Owing to the action of the oxygen of the air, all wood 
colours become gradually darker ; even what is described as 
colourless sapwood becomes darker. 

In opposition to the prevailing opinion, we class all woods 
into two groups from the fact that all species of wood possess 
a heartwood, whether the latter be externally discernible, 
owing to its being permeated by colouring matter, or not. 
In both these cases, the heartwood has physiological func- 
tions, which the sapwood cannot fulfil permanently (water 
transport). It is better to renounce such terms as sapwood 

* [Mathey, op, cit., p. 7, terms this Brazil-wood, but. states that it comes from 
Caesalpiuia orista and C. echinataot Guiana, Stone (“ Timbers of Commerce 
; gives ChUrophora tinetoria, from Cuba and Brazil, as the origin of Fustic 
XGelhs Brazilholz), Mathey mentions Hypericum baceiferum (yellow) andj 
braeteata (violet), Guiana.-— Tr.j 
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incomplete heartwood (Eeifholz) and 

^f^wood treea. 

Air our species of woods can therefore be grouped as 


dlows 


I. Heartwood 
coloured. 

Permeated with 
olouriiig matter. 


11. Heartwood 
tinooloured, 

BO that sapwood 
and heartwood 
resemble one 
another. 


/Heartwood in living trees 
containing little water. 

Trees die shortly after gird- 
ling. 

' Heartwood in living trees 
containing much water. 

Trees may live a few years 
\ after girdling. 

( Heartwood in living trees 
with little water. 
Heartwood in living trees 
rich in water. 


Fines, larches, hemlock- 
sprnces, Douglas - firs, 
deodar, all ('upremneae 
and 2'a<rodhipae. 

Oaks, elms, ashes, lilacs, 
plums and cherries, mul- 
• J)erry-trees, sweet chest- 
nuts, /A'lf'oxva and all 
^ PapUnmaveriP. 
f Spruces, silver-firs, S(‘iodo- 
i pityn, CfipJmlotaxvit. 

( Beeches, hornbeam.s, birch 
J (except Betvla lenta\ 
I maples, horse-chestnuts. 


The more important indigenous and foreign species of wood, 
ihortly after felling, exhibit the following colours : 

Sapwood is coloured pale whitish- or reddish-yellow in all 
st^ood-species.* 

Heartwood similar to sapwood in colour . — Spruces, silver- 
firs, . spindle-troes (F/aonymus), horse-chestnuts, poplars, 
birches (except cherry-birch), SciodopitySy beeches. 

Heartwood only slightly darker than sapwood. — Maples 
limes, Sorhtis, Lawson’s cypress, Thuya occidrntalis. 

In all succeeding woods the colour of the heartwood onb 
is referred to : 

'bellow.— Box, barberry, ItJnis, orange-wood, pomegranate 
Madura, sandal, Chamaccyyaris phifera (Japan), elder, satin 
wood (Chloroxylon) (Ceylon), Xanthoxylon (West Indies] 
Ferolia (Guiana). 

Light-brown. — Oaks, Ailarithus, Celtis, Sorhus, hickory 
sweet-chestnut, plums, elms, ash, pearwood, olive, old pencil 
cedarwood. 

Light reddish-brown.— Yew, larch, old mahogany, ceda 
.{Cedrela), cherrywood, grenadil {AnthylUs, Dalbergia, Wei 
Indies), briarwood (Erica arbor ed), Scots pine, Cembran pin 

[H. Stone has two species of seasoned wood (species undetermined) 
I'^hich the sapwood is much darker than the heartwood. They arc both fro 
Quiana, and their native names are Howadanni and MannibaUi, ‘ balli 
Carib word for tree.-^Tr.] 

..... 
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Bark reddish-brown. — CladrastUy mnlberrywood, some 
species of Taxodmm. 

Greyish-brown. — Teak, walnut-wood, jacaranda, giant 
thu5^a, swamp-cypress, Catalpa. 

Light grey. — Woods from volcanic deposits in Japan. 

Dark grey. — Some deciduous species of Dlonpyros, iron- 
woods * [S>(l(‘r<u‘t/lon, Cnpania). 

Black (or black and brown). — Some evei’green IHospyros 
(ebony). 

Kose-colourod.- -Freslily cut pencil-cedar, rosewoods, 
ChaiHfu'rifpariH o///a.sv/, Japan, Sitka or ^len/ies spruce, and 
I^icva JiHHilocnain (Japan). 

yellowish-rod. (iletUhva (Xorth America), Gyiiiiiorladns 
(North America), laburnum, Turk<\y-oak, fresh mahogany, 
Weymoutli pine. 

Cherry-red. — Se(juoia, red sauders. 

Bluish-red. —Amaranth-wood (purple-lieart, Copaifcra) 
from Guiana, black walnut, logwood, Catalpa fipecwHa (North 
America). 

Blood-red (streaked with hrowii and black). — Andaman 
padauk {Vti'racarpuit dalhrnjhddi'a). 

Green. — f.aanis Chl(nv.riil<ni^ cocus or green ebony 1 {Bn/a 
Kln'mis), from Central America and West Indies. 

Yellowish green.— Uobinia. 

Light olive.— Magnolia, tuiipwood. 

Bark olire.—t inaiarnia, cocas {Bn/a EIx’iihh). 

The breadth of sapwood varies in genera, species, and 
even in individuals ; in youth all species have sapwood only ; 
many species are when older characterized by very narrow 
sapwood: catalpa and sweet-chestnut with 1 — *2 zones of 

sapwood, larch 1— -2 c.m. of sapwood, so some oaks, yew, mul- 
berry, rohinia ; 10 c.m. and over, pines, hickory, elms, ash, etc. 
It should also be noted that rapidity of growth is influential 
on the ratio of sapwood to lieartwood, in favour of the 
former. 

♦ [There are many irouwoodft from various couulries and of various colounj. 
The Indian kinds are elutfiy Jlnrdwirlita himta and {XtjUa 

hri/ormi*), dark re<l and dark brown in colour.- Tr.j 
f [Mayr states that Axpuhdhu^ is dark «)live-<‘ok)ured, but this 

Sj.)cc|e8 appears to be a synonym of cocus-wooil {Bryn Kltenua). -Tr.j 
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2 . Lustre. 

All woods can be rendered lustrona by polisbing, but natural 
lustre renders certain woods, such as satinwood, commercially 
valuable. The radial section is the best for exhibiting lustre, 

* as it shows the widest sections of the medullary rays (silver- 
grain), as in oaks, jdanes, beech, etc. The woods of the sweet- 
chestnut, ash and hornbeam, have no silver-grain. Maple- 
woods have a silky lustre on the radial section, and conifeious 
woods ap2)roach them in this respect. There is no lustre in 
the wood of any s[)ecies of rinis. 


d. Scent. 

Tannins, fatty oils and ethereal oils act as bearers of scent 
in wood ; by boiling woods slowly the scents are isolated, the 
more rapid the b dling, the more scent comes olT wdth the 
water-vapour, while by heating and drying either in the air 
or artilicially, the exhalation of scents is favoured. But after 
as much of' the water as possible has been evaporated, the 
scent still continues, until in time the wood becomes scentless. 
Even in old pieces of wood, by cutting and ex])08ure of fresh 
i)arts, the tyitical scent is again emitted. 

Ail siiecios of wood possess a characteristic scent by w'hich 
the genera and si)ecies may be identified, but a descri])tion of 
their scents can be attempted only by comparing them to 
well-known scents, c.'/,, the tannin-like scciiit of oakw'ood, 
the turpentine scent of conifers ; the varieties of scent 
of tur2)eiitine characteristic for ditiereiit H2>ecieB csnnot be 
described. Excluding conifers, the turpentine and resin of 
which is of commercial importance, the woods of IjaiirnccM 
(bay-tree) and the camphor trees (Cinnamonium Cam])hora of 
Japan), also Bryobalanops Camphora, a dipterocarp from 
Sumatra, are rich in agreeably-scented oil and yield commer- 
cial camphor. CuinpJiora filnnduUferiim from Assam is also 
highly scented wdth carapjhor. Sandalwood oil is valu- 
/ able. All wood-scents are obtainable by distillation, but 
usually in such small quantities as to be of no commercial 
, importance. 

ery wood loses its typical scent when it is attacked by 
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fungi, hence the natural scent of a wood is a proof of its* 
soundness ; when decay sets in, the odour given off is either 
very disagreeable, or the opiX)8ite. 

The scent of certain woods renders them commercially 
valuable, especially as a strong scent keeps off insects and 
renders the timber more durable. Pencil -cedarwood (Jawt* 
perns riniiniana, J, hermudiana and J. chinensis), owing to its 
pleasant scent and fine grain, is preferred for pencils. Cedrela- 
wood from Cuba and (jentral America is used for cigar-boxes 
on account of its line scent and lightness. Indian sandalwood 
{Sanfahnn album) preserves its strong, agreeable scent for years. 
Violet-wood {Acacia homolophifUa, from !^astern Australia), 
when used for parcpiet- flooring, as in the castle of Herren- 
chiensee, emits a fine violet- scent. 

Teak, olivewood, pulley-wood (Guaiacum), Buxus and Sam- 
haem emit a strong odour of caoutchouc. Some woods, such as 
freshly cut stinkwood from South Africa {Ocotea hullata), have 
a disgusting odour. ]\Iathey adds that of Gustavia tetrapetala 
from Guiana. 


4. Hardness. 

As wood is not homogeneous, it offers a resistance to its 
penetration by tools, that differs according to the direction of 
the penetrating force. Hence its hardness depends on the 
following : — 

1. Direction of the force. — The greatest resistance is 
offered to forces acting across the wood-fibres ; the least 
resistance is along the fibres and also in the planes of the 
medullary rays, that is in the radial direction, so that wood 
is most easily split radially, 

2. TJse of implements.— Nails, knives, axes, saws, augers, 
planes, etc., act so differently that the* same wood exhibits 
various degress of hardness to the different implements. It is 
however true that hard wood is always more difficult to deal 
;with than soft wood. 

3. The degree of wetness of the wood. — All woods have 
^ greater tenacity and looser texture when they are wet. In 

hard woods, this looseness of texture is more important than, 
. the tenacity produced by wetting, so that hard woods are moj*i^; 





worked wefc than when dry. Tn soft woods, especially 
those of broadleaved trees, the wetting ncreases the tenacity 
more than the looseness of texture, so that they are easier to 
. work dry than wet. 

4. Specific weight. — This is a measure of the mass of 
wood in a given volume, so that wood of high specific weight 
is hard. The future discussion of specific weight therefore 
applies also to the hardness of wood. 

5. Parts of a tree. —Hardness here corresponds with 
specific weight. The softest wood is root-wood; then the 
western and eastern sides of the hole ; stump-wood ; the 
upper side of the hranches; the lower side of the branches, 
whicli last is the liardest wood that a tree produces.- Spring- 
wood is always softer than summer-wood, especially when 
the latter is particularly l)road. A more detailed account of 
this question will be given hereafter (p. 54). 

6.. Coherence, owing to the union of the cells and of the 
materials tliat form their walls. —Differences in colierence, in 
spite of a similar spcc fic weight in the woods, cause a consider- 
able difference in the resistance offered by them to implements. 

7. Presence of substances other than water. — If water, 
which softens it, has left the cell-wall, and another material, 
such as vesin or any impregnating substance, has rei)laced it, 
the wood becomes harder. I’huB highly resinous wood, such 
as the knots of conifers, is extremely hard. 

8. Temperature. — Frozen wood is much harder than 
unfrozen wood. The slipping aside of wedge and axe in work- 
ing frozen wood cannot heTexplained in accordance with the 
prevalent theory, if, when w'ood is frozen, water is driven from 
the cell -wall. 

Owing to the connection between hardness and specific 
weight, more detailed data will be given under the latter head- 
ing. Here the following scale of hardness is suggested : 

Very hard, hard as a bone. — Pulley- wood, ebony, ironwood. 

Hard.— Box, pitch-pine, hickory, barberry, hornbeam, oak, 
robinia, field-maple, mahogany, ash, beech, sweet-chestnut. 

Fairly hard. — Walnut, pear- and apple-wood, elm, larch, 
yew, cherry-wood, birch. 

Bather soft. — Alder, horse-chestnut. 
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Soft. — Pine, spruce, silver-fir, Cedrela, cypress, lime: 

Very soft. — Weymouth pine, willow, poplar, Paidownia 
Curmiughamia, BomhaXy Leitneria Floridana (cork-wood from 
Florida, used for floats for fishing-nets). . 

Soft as cork. — llcrminkrn, from the Upper Nile. [Indian 
solah, generally termed pith, but really the wood of Aeschy- 
nomeue aapera, which grows in marshes ; it is used for hats, 
fishing-floats, etc. — Tr.] 


5 . Sped fir freight. 


A high specific weight in wood is not necessarily a desideratum. 
On financial grounds, when light wood oilers the same advan- 
tages as Ijeavy wood, the lighter wood is preferred. Wood of 
a high sp. weight is valuable on account of the other proper- 
ties that this more or less involves, chiefly hardness and 


caloric power. 


As the sp. 



of a piece of wood, of 


which Uis the volume and IP the weight, is very easily and 
exactly determined from its absolute weight and volume, for 
more than a century the determination of the sp. weight of 
woods has offered a favourite field for investigation. Nearly 
all investigators, from Duhamel to those of the present lime, 
have decided that the excellence of wood depends on its 
speciflo weight. Kdnig, Hartig, and his scholars, Bertog, 
Eichhorn, Omeis and Bchiieider, have considered the term 
heavy, when applied to wood, as identical with good, from 
every point of view. Nordlinger, Bauscbiiiger, Bchwapi^ach, 
Fernow, Both and Janka, whos# works on the strength of 


wood will be discussed further on, refer to excellencies depen- 
dent on high sp. weight. Other authors, such as Tetmajer 
and H. Mayr, regard sp. weight as only one of the factors in 
adjudging the strength of species of wood. If it wore possible 
to exclude other factors which affect the strength of wood and 
often alter it in a way that does not correspond to variations 
in sp, weight, the latter might be the best factor in the 
question. But this is impossible, so that the prediction of 
the strength of a wood from its sp. weight is not more trusts 
worthy than weather-forecasts based on atmospheric pressure 
qnlyi. Agriculture cannot be directed by the rise and' 



^^ttrfarometric' column, neither can silviculture nor, 
pood industries be based on the sp. weight of wood. 

‘ Specific weight is the ratio of the weight of a given volume 
if any substance to that of the same volume of water, so that, 
f the sp. weight of water be 100, woods with a sp. weight over 
,00 will sink in water, and those in which it is under 100 will 
Loai in water. 

According to Sachs, the cell-walls of wood have a sp. 
veight of 156. Hartig * found this to be true for most woods, 
(specially for oak, beech, birch, and spruce, and showed that 
ihere is no difference in this respect between the cell- walls of 
sapwood and heartwood. As in the tissues of wood there are 
innumerable air-bearing, closed lumina, it is evident that, in 
spite of the high sp. weight of the cell-wall, tho sp. weight of 
wood is BO low, that most woods float in water. 

The speoiflo weight of green wood is that of the standing or 
recently felled tree, but as the volume of water varies in stand- 
ing trees, and water begins to evaporate from felled trees as soon 
as they are felled, the weight of green wood is very variable. 
As water ascends chiefly in the last-formed layers of sapwood, 
that is the wettest part of a tree and usually heavier than 
water, with which its lumina are lull. The next outer layers 
of sapwood are also wetter and heavier than its inner layers. 

Hearlw'ood in a green state is always lighter than sapwood, 
even when, as in broadleaved trees, it is very wet. The heart- 
wood of freshly felled conifers is always much lighter than their 
sapwood, for there is 35 per cent, more water in the latter. 
Fifty per cent, of the weight of sapwood is that of the con- 
tained water, while coniferous heartwood contains only 15 per 
cent, of water (by weight). The greater the proportion of 
heartwood there is in a tree the lighter its wood, so that the 
whole stem decreases in weight as it becomes older. When it 
is assumed that there is 45 per cent, of water in green wood, 
no account is taken of the above fact, nor of the variation in 
the wetness of the sapwood at different seasons in a year. 

: E. Hartig (oi). vit.) has studied the seasonal variations of 
' water in wood, but the results he has arrived at ars not given- 

* E. Hartig, “liber die Verteilung der orgauijicheu Substaust ueu WasserM u, 

M deo ^uraen.” BerliHj 1882. 
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iiere, as he did not consider the influence of the weather at 
the time of his observations, nor the degree of moisture of 
the soil, individual variations, etc. H. Mayr’s observations 
show that the degree of wetness of the sapwood depends on 
the relative atiuos[)lieric huiiiidiiy, which varies day and night, 
also on the weather, for after rain the stem may become 
gorged with water, and drier after a ]>enod of drought. Hence 
during any month the so-called maximum volume of water 
in a tn^e may he diminished ; it varies also with the nature 
of th(j soil and in individual trees. 

When felled stems lie in the forest with or without bark, 
their wetness varies according to the rehLtiv<‘ air-humidity or 
the raininess or drvness of the weather, l^'.vaporation, how- 
ever, on the whole, preponderates over higli relative humidity 
or wet weather. AfUu' a stem lias lain for some time in the 
forest, its sp. weight is that of forest-dry wood ; this is 
hiss constant than its green weight or air-dry weight, but is 
always intermediate between them. In logs and firewood the 
upper parts api»roach air-dry wood in weight, those parts on 
the damii ground, that of grcuni wood. Wood that is felled in 
winter and brought out of the forest at tlie beginning of spring 
weighs nearly as niiieh as green wood; only split firewood 
shows any apprt'ciahh} reduction in wi'ight. Tlie weight of 
grt'.eii and forest-dry wood is of practiciil importance in wood- 
transport. 

Wood becomes air-dry, or seasoned, only a long time after 
Uie felling, and the more rapidly the more the wood has been 
subdivided. Balks and thick planks must be kept for years 
and protected from rain or from resting on the ground before 
they become air-dry. Air-dry wood still contains 10 — 15 
per cent, of its weight, in water. This is held firmly by 
adhesion in the cell-walls, and its mass fluctuates with the 
relative atmosjiheric humidity ; hence in order to expel it 
artificial heating to 100 — 110'^ 0. is recpiired, at w^hich 
temperature all the water passes into steam. In this way 
the absolutely dry weight of wood is determined. This weight 
has a scientific value only, in comparing the weights of woods 

** H. Muvr, ‘‘UlK'nlon foi-sllichon Woit gegeuwarlig UL>lichen Methoilen 
Bur Befttiiimmni: der Qualiliit der Hohei,” iSsii, 



' WEOIFltl' "VFBIOHT. 

(rom which that most intrusive factor water has been 

sliminateil. ' . 

If dry or green wootl is placed in water, it at once absorbs 
more water, till finally all the air-spaces in the wood are full, 
[ts weight then is that of saturated wood, which has always 
a higher sp. weight than water (100), but lower Uian 
that of the cell-walls (ISO). Saturated wood always sinks, 
and wood that has heeii floated too long approaches in weight 
that of satui’ated wood. As water is a possible factor in 
nearly all wood industries, air-dry wood is always in demand, 
though it is well known that much unseasoned wood is 
used" fraudulently. Kven wood that has become seasoned 
after being kept for years in a .Iry place is a material cmilaiii- 
iiig a variable amount of water, for wood is liygroscopic, and 
its degree of wetness varies with the moisture of tlie atmo- 
npberti. 

Air-dry wood wlion utilized varies in weight— - 

(1) With the relative atmospheric humidity ; 

(2) With the age of the tree. 

In Koiiig stated that the wood of all trees becomes 
lighter as they become older, and his statement has been con- 
firmed by more recent investigations. The younger a tree and 
the shorter the felling rotation owing to a favourable soil and 
a warm locality, the heavier is the wood, hut Mayr has 
often {op. oil.) remarked on the small importance attached iti 
forestry to the sp. weight of wood. 

(,S) According to the parts of a tree. 

Hoots have the lightest wood, and Iho wood of the upper 
parts of roots is lighter than that which lies below, while the 
thinner the roots the lighter they are. Theii comes the hole, 
the western side of it being lighter than its eastern part. 
■Woodmen term the eastern side of a tree its hard side, for 
they know this fact by experience. Wood from the crown is 
^ somewhat heavier than wood from the bole, hut heavier and 
f harder wood is on the eastern side of the stump ; hrauch- 
wood is still heavier and harder, especially on the under-side 
of branches. 



(4) According to the breadth of the anntial sones gnd 
the ratio of spring-wood to summer-wood within hn 
annual zone. 

It is well known that snmmer-wood is heavier than spring- 
wood. ForesterB, huilders, and manufacturers have always 
adjudged the hardness and weight of wood in accordance with 
the ratio of the amount of summer-wood to that of spring- wood. 
They liave also considered the question of the width of the 
whole annual zone, which li. Hartig has recently shown to 
have no influence on the quality of a wood. Practical experi-, 
ence has decided that in hroadleaved woods, the wider the 
annual zones, the chief increase is in the harder and heavier 
summcr-w'ood, wdiile in coniferous wood, when the zones 
become wider, the increase is chiefly in the spring-wood. 
Hence, in broadleaved woods wide zones, and in conifers 
narrow zones, imply heavy wood. 

11. I^lnyr in 1884, in a pamphlet on the wood of Douglas 
fir, was the first to publish an account of exceptions to this 
law, which contrasts broadleaved and coniferous woods in such 
a remarkable manner. He showed that, in spite of an increase 
in the breadth of the annual zones, no decrease in the sp. 
weight of the wood followed, hut that it even increased. 
Hartig, Cieslar, and others, proved this later for Douglas fir 
and other coniferous woods. It has also been demonstrated 
that in hroadleaved woods a breadth of zone of more than 
6 mm. results iu a decrease in weight and hardness, and that 
in coniferous woods there is a similar decrease when the 
annual zones are less than 0*5 mm. broad. The observations 
also show that woods with the same breadth of annual zones 
are sometimes heavier and sometimes lighter. These excep- 
tions to the law prove that another natural law exists by which 
the effects of the former law may be sometimes enhanced, 
sometimes diminished, and sometimes reversed. This natural 
law, enunciated by H. Mayr in 1890 (“Die Waldungen von Nord- 
amorica”) owing to his own investigations and to the mass of 
indigenous and foreign wood then available, is as follows: 

Assuming identity of scfil, the specific we^t and hardness 
^^^yood decreases with totanoe from ttie ^timum climate 
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its produetiotx Dotti towards cooler or wanner regions. 

is indifferent whether the annual zones consequently 
^^ncrease or decrease in breadth, or whether the wood is 
^liroadleaved or coniferous. Within the natural habitat of 
any species of tree the centre of its habitat produces the 
heaviest and hardest wood. 

Every species of tree lives in a certain climatic region, 
although the habitat of the tree may show great irregulari- 
ties owing to marine currents or topographical features. Such 
irregularities in the habitat of a tree, insular expansions on 
the one hand or insular exclusions on the other, might induce 
one to suppose that not the climate, but the soil, is decisive 
for the natural extension of the species. 

[There is a close relation between a tree’s demands upon 
temperature and upon soil, (liven the proper temperature, it 
will grow where the soil is unfriendly; and given the most 
congenial soil, it will grow where the temperature is not ideal. 
The colder and wetter the soil, the better will a tree grow with 
a relatively high temperature ; the drier and warmer the soil, 
the better it will grow with a relatively low temperature. 
Thus on a northern slope the forester will often find it safe to 
plant trees which would not thrive on the southern side of the 
same mountain, because northern slopes are cooler and raoister 
than southern ones, and this difference may suffice to effect a 
blight reduction in the average temperature of the region. 
There is a wide variation among trees as to the range of tem- 
perature which they endure. But it should not he inferred 
that only geographical lines can be drawn for the distribution 
of any species. The right temperature conditions may be 
; found outside the geographical habitat at higher or lower 
altitudes. A southern species, whose home is in the moun- 
tains, may find a second home in the northern latitudes of a 
level country, and a northern lowland species may thrive on 
mountains in the south. — Tr.] 

Mayr’s observations here (c/. p. 60 ) do not include the soil 
as one factor in this natural extension, but regard the range of 
temperature and the distribution and amount of annual rainfall 
as its most important factors. Hence arises the important fact 
for the cultivation of trees that there may be climatic regions 
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tftnd elimalic optima tor a species even beyond its natiw 
habitat for the possibility of the natural bridging over of 
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difficult than is generally believed. It is false o affiim that, 
because a species thrives outside its native habitat, it is not 
dependent on a decided climatic region, and that it is useless 
to determine climatic regions as a natural basis for the culti- 
vation of all indigenous and exotic trees. But we must not 
overlook the fact that, in forestry, species can he cultivated 
outside their native habitat, if, although they may yield no 
fruit and no seed, they still produce valuable wood. In such 
cases, however, the siieeies would disappear as soon as the* 
hand of man is withheld [unless, like the English elm, they 


produce .suckers. — Tr.]. 

With regard to the introduction of species of trees beyond 
their native habitat, for any species there are five imaginable 
climatic regions, throe of them natural and two artificial. 


Ill 0. Artificial region cooler than the natural 
habitat. 

( II c. Region cooler than the optimum. 

Natural j optimum. 

habitat. ( jj ^ Region warmer than the optimum. 

Ill w. Artificial region warmer than the 
optimum. 


The law enunciaitHl above may be expresBed as follows: The 
sp. woij.?bt of every species of wood is gradually rc'diiced from 
region 1 towards II c and II w, and towards III c and III w, 
whether its annual zones are wider or narrower. 

The oak is the first example. Its habitat in (lerinany is 
usually ir c. Only the warmest localities in Oermany come 
under 1 ; these are districts where there are vineyards. By 
experimental plantations oak is often grown in III c, while 1 
and II w are in the south and south-east of Germany, and 
III w in Southern Europe. As in the first half of the rota- 
tion of all species of trees, equality of soil and sufficient 
moisture being presupposed, the hre^idth of the annual zones 
increases with the climatic temperature, we find a general 
increase in the breadth of annual zones of oakwood from 
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: III <3 to n c, I, II w, and III w. What is, however, the 
resulting sp. weight of the wood ? In II c, e,(j., the 
Spessart, the air-dry sp. weight is 50, while as we approach 
the warmer climate in I the amuial zones become broader 
and the sp. weight of the wood increases, until in I an 
average sp. weight of 74 for air-dry oak wood is attained. 
This follows the old law, the wdder the annual zones, the 
heavier the wood. If we weigh oakwood grown in II w or in 
III w, although actual figures are wanting, we know that the 
very broad-zoned wood is soft and spongy and therefore lighter 
in weight than wood from L* 

The larch for more than a century has been planted outside 
its native habitat, the Alps and Carpathians (its zones 
I and 11 w) ; in warmer localities, III and as far as Denmark 
and Scotland [Jn Scotland the climate prol)ahly approaches 
IT w. — Tr.]. Its rapid growth in most of these countrieH and 
the groat width of its annual zones, when conii)ared with 
mountain larchwood, are well known, as well as the fact that 
its sp. weight down to 45 is much lower than in its native 
habitat I, where the sp. weight may be as high as 80. If we 
proceed upwards from the plains, the old law for conifers holds 
good that as the annual zones become narrow'er the sp. 
weight increases, and as they become broader the weight 
is reduced. But on considering the uppermost and coolest 
station of larch, II c, it appears that the very narrow- 
zoned larchwood again becomes lighter than that from f, 
while its sp. weight falls to 55.f There is little practical 
experience of larchwood from tlie highest regions, or it would 
be found opposed to the old law that conifers become heavier 
the iiarrow’er their annual zones. 

The spruce also conforms to the new law, for its wood in 
the long wide regions I and II w possesses an average sp. 
weight of 45, whilst the broad-zoned sprucewood grown in 

* [In England, the liai<lest and heaviest oakwootl is protluced in Kent, Sussex, 
anti Harnpshiiv, as well as in Herefordshiic and its adjoining counties. These 
are the hottest counties in tljc British Isles, ami presumably correspond to I 
for oak, The best larch wootl is jn-oduced in Scotland. A study of the 
comparative sp. weight and of the width of the annual zones of oakwood 
and larchwood in tlifferent parts of the British Isles would be very useful. — 
lir.] 

t 4* Wmely, “ Die bsterreichischen Alpenlander u. ihre Forsten.” 1863, 
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wanner Germany, region III w, has an average sp. weigbl^ 
of between 88 and 41. The region II c— the uppermoBt; 
spruce region, above which (III c) its cultivation becomefl 
impossible, as the top of 11 c is the upper mountain limit of 
tree growth— is characterised by the production of narrow- 
ringed “ resonance ” wood (used for violins and other stringed 
instruments), whicli lias also a low sp. weight, as low as 40 
and av(3rnging 42 . 

Thus ^layr’s law (‘.xplains the exceptions to the above prac- 
tical laws regarding coniferous and hroadleaved woods, which 
are no exceptions to the greater natural law that is here 
enunciated. 

This law that th(3 sp. Wf3ight of woods is diminished when 
tiiey are prodnc(3d heyond the optimum climatic region of the 
species of tret3 is especially interesting to those who main- 
tain that the strength of timber is dependent on the sp. 
weight of wood. Schwappach (1807) is one of these, and 
states that the transverse strength of timber diminishes as a 
tre(3 grows beyond it.s optimum region, which is only an asser- 
tion of this law. JIartig stales, that in beech wood neither the 
breadth of the annual zones nor the climate exercises any 
influence over its sp. weight, which de]3ends solely on the age of 
the tree; that in coniferous woods the sp. weight increases as 
long as the annual increment is increasing and diminishes 
j;|j^en the latter decreases. 

(5) The tendiug of a crop of trees must influence the sp, 
weight of the wood, for cleanings, thinnings, and a free posi- 
tion of a tree are merely alterations in the environment of 
trees as regards liglit and heat. In a dense wood dominated 
trees suffer from a deprivation of both light and heat. Giving 
a tree a free position removes it, as it were, from a cooler to a 
warmer climate, while for a suppressed tree these conditions . 
are reversed. Hence, by thinning, the optimum climate for 
oak may be approximated to or receded from in the case of; 
'spruce. Spruce, for instance, grown in II w or III w, when, 
suppressed has, it is well known, heavier wood, while suppressed ’ 
oak grown in II c or III c has lighter wood. i 

y- (6) The specific weight varies with genera, species^ or 


trees. 


As regards genera, woods that are 



naturally in the warmer climates are, on the whole, heavier 
than those from cooler regions, e,g., heavy tropical ironwoods 
when compared with European oakwood. However, it must 
not be ignored that some tropical woods are extremely low in 
the scale of sp. weight. The variations in the w-eight of woods 
of the same genus, but of different species and heat require- 
ments, are less decided. Europe is so poor in species of the 
same genus of trees, as to afford few examples of this. In 
North America, the white oak when grown in the more southern 
States has an average sp. weight of 89, the black oak that of 
73; the same oaks when grown in northern States have sp. 
weights of 77 and 70 respectively.* 8o far as our experience 
goes, however, different species of a genus that have identical 
heat requirements, or are cultivated in similar climatic regions, 
do not produce wood differing in sp. weight or in other quali- 
ties. On tlie contrary, it aj)pears that nearly related species 
of trees, c.g., Sitka and Norway spruce, Nordmann's and our 
own silver-fir, tlie white American and our sessile oak, sugar- 
maple and sycamore, etc., produce equally heavy wood, if 
gi'own under conditions that produce heavy wood for the, 
genus in Europe, or equality light wood when under opposite - 
conditions. 

Attention is here directed to some common errors made in 
comparing exotic and indigenous plants. Equally favourable 
conditions of soil and climate should be presupposed. 

Exotic conifers when introduced into European lowlands 
should not l^e comi)ared as regards the quality of their wood 
with our own conifers grown in I, hut with them when grown , 
also in the lowlands. Thus Japanese larch planted in our 
lowlands should be compared with lowland and not mountain 
European larch. 

As an instance of a second error, Weymouth pinewood was 
formerly considered the best pinewood of North America, 
because it afforded the longest, strongest, and most work- 
able pinewood from the earlier settlements in the north-east 
of America. In Europe there are many better conifers, so 
that the American preference for it counts for nothing with us. 
the Americans have misjudged similarly the quality of the, ;, 

f Ceims Beport of the United States, 1800, 
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wood of other pines, which they compared with that of the 
Weymouth pine, such as resimsa^ P, dlvaricata (Baiiksiana)^ 
P. ri(fiduj P, immlnma; we should not accept their judg- 
ment bliiKlly, as it can be proved from mature Europe-grown 
wood only of these species, which can then be compared 
commercially with our own pinewood. 

A third error arises from comparing the wood of young and 
old trees of the same indigenous or exotic species. Young 
conifers, c,//., Weymouth pine, necessarily contain ])oor wood, 
for either they have no heartwood or very little in proportion 
to their sai)Wood, while their lower branches have not fallen, 
or their knots are covered with a few zones of wood only. The 
older the Weymouth pine is, when grown in Germany, the 
more favourable are tlic o[>inions licld about the quality of its 
wood. It is this ()])inion, and not that of Americans, that is 
decisive for us. 

(7) Tho soil under similar climatic conditions gj-eatly 
affects the width of the, annual zones and the weight of wood. 
Ilartig has, however, stated that soil lias no influence on 
beecliwood, hut that the best soil produces the heaviest spruce- 
wood.* It is certain that every si)ecies of tree finds the most 
favourable conditions for its growth on the best soil. It 
strives to form a large crown and a tall hole, so as to ensure 
its fructification. In forestry, however, the vegetative part of 
tho tree, the hole, is more valuable than the fructification, 
and should he as free from knots, as rich in heartwood, and as 
cylindrical as possible. These requirements are not secured 
always on the ahsolutely best soil. Such is a well-manured 
garden soil, and wood grown on such a soil is branchy, broad- 
ringed, and may suffer from red-rot. Also on very poor, dry 
$oil wood grows slowly, with narrow zones, and is less heavy 
than wood produced on moist, lonmy sand or sandy loam. 
Hence for every species there is a soil optimum that yields 
the heaviest wood, climatic conditions being equal, and soils 
richer or poorer in nitrogen than the optimum yield wood of 
lower sp. weight. 

(8) When sapwood passes into coloured heartwood, the 

• E, Hartig. “ Eau u, GewicUl <les Fichteuhol*.” Foralliche Naturw. Zeit- 
J^riftVlI. 1898. 




fieeper the colour, tlie heavier the wood. It is very difficult to 
decide how far the sp. weifjht is thus affected, as individual 
variations and the natural falling off in weight from the inner 
zones of the wood outwards complicate the question. Hartig 
states that the colouring matter in oakwood raises its dry 
weight 0 per cent. AVoods, tlie cell-lumina of which are 
filled with colouring matter, such as tropical dye-woods and 
artificially injected wood, are considerably heavier than light- 
coloured wood.^ 

(9) Eesin increases the weight of conifers. According to ’ 
Mayr, whensapwood passes into heartwood there is a gradual 
change from liquid turpentine into solid, heavy rosin. It is 
not true that lU'W formations of resin occur in old wood 
parts. The absolute quantity of it remains constant ; only its 
form alters ; the turpentine becomes oxidised and concentrated 
only. The increase in weight is greatest in species that con- 
tain the most turpentine, Weymouth pine, Scots pine, 
spruce, and, least of all, silver-fir. The stump is heaviest, not 
only because its wood has thick walls, hut because it contains 
the most resin. Wlnm resin formation begins (n(h> “Defects 
in AVood”), and tlui cell-walls dry, a very remarkable increase 
in wt“ight follows (ri'sin-galls, hard knots), 

(10) Abnormal tissues in woods usually increase their 
weight, hut tlieir strength is thus greatly injured. Occluded 
woods, burrs or excrescences in wood, and contorted fibres are 
usually heavier, but not therefore better than normal 'W’ood. 
Among these may be reckoned the ahnormally hard wood 
which all our conifers produce on the lower side of hranches, 
at bends in the stem, on the rootstock, and on the eastern side 
of stems, that woodmen name hard, or red, wood (cf, “ Defects 
in Wood ”). 

(11) Organic and inorganic salts, that are partly soluble in 
water, contribute appreciably in the formation of sapwood. 
Such are sugar, albumen, gums, etc. In heartwood they have 
no sensible influence on the weight of wood. Floating wood 

• [The block wootl of clwny weighs 75— HO lbs., un.l its sapwowl oiily 
19—50 lbs., [»er cubic foot, the extra weight being due to a coloured substance 
tliat fills the lumina till the structure is scarcely disceruible by a nucro- 
t ':i»oi)e.— Tr.] 

t H, Mayr, « Das Holz der Nadelhblzer.” ISW. 



in rivers involves a partial absorption of these salts' from 
sapwood by the water, so that the weigh .‘^e 
reduced. Wood-merchantB say that this loss is sligh , . 

detailed investigation is wanting. It is evident 
with preservative substances must increase the weight of wood. , 
Still less investigated is the share of ash-oonstituen s in 
the weight of wood, but at any rate it is inconsiderable. In 
broadleaved and coniferous wood, as soon as the animal zone 
is completed, there is no further addition of ash-constituents. 
In palms and bamboos, the wood of wbicb is intermediate to 
exogenous wood and barb, there is a change in the mineral 
constituents during the whole life of the stem. Thus the 
quantity of silica steadily increases, so that the »p. weight 
is considerably increased. According to Koide, the sp. 
weight of the Haebiku bamboo (PhylluHtachyis jniherda) is in 
the first year 10!). in the fifth year 113, in the eighth 118, 
but after the eighth year it steadily diminishes with the age 
of the bamboo. This law is true for aU bamboos, t 

A knowledge of the sp. weights of forent-dry wood is of 
radical importance as regards transport from forests. It is, 
however, very variable. Bdhmerle and Vultejus have deter- 
mined these weights as follows in kilograms per cubic meter, 
solid or slacked, and tliey are also given in pounds avoirdupois 
per cubic foot. 


Oak, Beec'h,^ Hornbeam,” Ash, Sycamore, Hlm. 

■ The weights of beech and hornbeam cordwood are given in the 
second column in metric and linglish weights and measures. 


(Cubic meter) butps — 

(Stuckeil cubic meter) Sjilit 
, „ lliuiud 

” „ Stump 

ll)0fagt?oU 


Kdos. 


Lbs. 

720 .. 


.. 45‘3 per cubic i 

tJTO 

840^ ! 

.. 42...53» „ 

tiOU .. 

820« . 

.. 38...r>o-:)®* , 

. 614 . 


.. a8'6 „ 

1,201) 


75'5 per 100. 


• f Masses of ojialine silica termtsl tabanhir arc sometimes formed in the 
hollows of bamboos, while the vessels of Aeaeia Vaiovhu uiul of teak maybe 
filletl with calcium carliouate and ealemm phosphate or silica. In A. Catechu 
this property renders the wood heller for cutch>making.— Tr.] 

' + { This fact has long been known in India, where bamboos have a consider- 
able commercial value. The culms up to a certain age vary in external colour 
Ld increase in weight ; only the heavier ones are used for building purposes, while 
Aftei- attaining a maximum density they giwiually mt. Their age is known b|g 
i;|he cplour of their rind,— Tr, j 



' Bi»oh, Asfbn, Spruce, Scots Tine, silveb-fir, Ijarch, 
Black Pine. 


The weights of silver-fir 
in the second column : 


and black pine 


Kiltut. 


(Cubic meter) Lopt ... ... 

(IStnckeil cubic meter) Split coidwixki 4 i (i 
„ Uouu'l 470 

’ Stump „ a‘>b 


tw;o ... 
... 


cordwood are given 


Lbs. 

:i6 per culile foot, 

2t>-.“...4ir' 

21) 4 !> ., 

22 


These weights, according to Biiur,* are as follows for stackec 


wood w 


Spruce 

Scots pi lie 

Larch 

Silver-tir 

Weymouth piuc ... 
Oak . . 

Beech 

Hornbeiiiii 

Alder 

Aspen 

lluhiiiiii 

Ash 

Sycamore 


Si'j.iT Cordwood. 


, Jiilox. 

LIm. 

per ruhie 

per eubir 

meter. 

foot. 

:m 

21 -.5 

;4s: 

24 

— 

.. 


4d 


3r> 

— 

.*. — 

43« 

2N 


27 

.*)S7 

37 

a77 

HR 


Round Coui>wood. 


Ados. 

IM. 

per ruble 

per evbir 

meter. 

foot, 

411 

2(5 

424 

27 

480 

550 . 

8(52 

22 ‘r> 

2(58 


.*»75i 

8(5 

48(5 

28 

r)87 

87 

880 

24 

880 

24 

.)70 

8(5 


In Germany, for taxation purposes, one solid cubic meter of 
wood is reckoned at GOO kilos, (a cubic meter = 05*1 cubic 
feet, and 1 kilo. = 2*2 lbs.). In German railway -transport a 
cubic meter of hardwood is considered to weigh 1,000 kilos, 
and of softwood, 750 kilos. 

The following list of the air-dry and forest-dry sp. weights 
of wood has been prepared from data supplied by Nordlinger, 
Chevandier, v. Baur, Biihler, Karmarch, v. Exner, v. Secken- 
' dorf, Holler, Hartig, Mohr, Sargent, Fernow, Scbwappacb, as 
well as by the authors of the present book. It is well known 
that good average figures may differ from the actual weights 
when the maximum and minimum weights of the same species 
also ^differ considerably ; this is especially the case in forest- 
jdry wood, where incorrectness depends more on the amount of 

t pwood and heartwood in the specimen than on the water it 

hatir, “ tibei* Gewiciit, Volutneii u. Wasserfeehelt des Hokes.’' 



-ipaOPEBTlKS OF WOHi 

^ntains. Maximum weights of forest-dry wood imply 
sapwood, while minimum weights occur when the specimeu- 
is chiefly hearlwood. Hence the maximum forest-diy weighte 
of all species of wood vary between 100 and 130, and their 
minimum forest-dry weights between 40 and 100. In air- 
dry weights, the disturbing factor, water, if not excluded 
entirely, is kept so far in the background that sapwood and 
heartwood contain equal volumes of water. In air-dry wood, 
therefoi e, the average lignres given are very approximately 
correct, tbe liigbeBt sp. weights of the same species varying 
between 55 and 95, and the lowest between 35 and 80. 

The woods are grouped according to their average air-dry 
weights, those with sp. weight of 80 and over . being classed 
as very heavy, from 70 to 80 as heavy, from 55 to 70 as 
moderately heavy, from 40 to 55 as light, and those under 
40 as very light. Wherever this can he dc^ne with any pre- 
cision the sp. weight of forest-dry wood is also given. The 
weight of a cubic meter of the wood or of a stacked cubic 
meter {Itaiininietn’ or aiere) can be calculated by multiplying 
the ligures by 10 or 7*7 respectivel3\ [As a cubic foot of 
water weighs 1,000 oz. = 02* lbs., the weight of a solid cubic 
foot of wood may he calculated from its sp. weight by 
multiplying it by *(>25, and for a stacked cubic foot by *471. 
American board-measure is in square feet of one-inch planking, 
and is thus twelve times its volume in cubic feet.— Tr.J 


Tahlk or SrKriric Wki(jhTv‘< of Wood. 


Air- 

ilrtf. 


Coens ami v iolct wi kkI . . . 

Ouaittcura 

Klnuiy ... 

IronwiKXis, various 

Evergreen oaks 

Ureuadil... 

SalinwtwKi 

lloxwood 

Briarwotid {l^rira arhorm) 
ttosewoofi [Javuratuhi) ... 

Turkey tuik 

Hickory, Ameriean 

Whitetkoni 

Borubenm 

Teak 

Itahogauy ... , — 

> Bamboo 


140 
130 
1 20 
iir, 
IIU 
100 
1(K) 

00 

8.5 

81 

82 

80 

80 

80 

80 


Format- 

1 Air- 

ForeH- 

drff. 


drj/. 

dry. 



Yew ... 

80 

103 



' Zelkowa Keaki 

7<; 

106 



I’edunculute oak 

7(i 

104 

-- 

1 Pitch jiitie (/*. palustrin) 

75 

-- 

— 

1 75 

Sap- 

— 

i Hickory,(iertnan (///cfom 
i ulhi) 

1' 

wood 

Heart- 



WtKKl 



White oak 

75 

— 

— 

j llobinia 

75 

IOC 

no 

I Ash, European 

74 

— 


i Sessile oak 

74 

101 



Gleditsin 

7.3 

— 

ior» 

Beech 

72 

m 

— 

1 W'alnut {J. regm) 

72 

. 



j Elm 

70 

% 

na 

! Field-maple 

70 

jM 



ot SWXFro Wrights of MToOp— 


*ear 

Jliidrtwtis 

Ipple-tree 
Lustrian pine 

iycamore 

Traxinns ulba 
tweet chestnut ... 
tugar-maple 
ieS oak ((K r»hm) 
)]jmy 

Corsican pine 

'lazel 

E)m { U, ••• 

liftveh 

luiiiper (cnniinon) 
Black walnut 
Birch 

Plane 

ll<trsp*clH‘wlnut ... 

l><Miii:lHK lir (Am. 
(Icrmati) 

Msiffnolia liypelcucn 

Salhnv 

iMniis <livanoat}i . 
Sents piin* 

Acer (la^ycsirpum 

liinu’ 

Ahlcr 


4i>- 





dnj. 

dry. 


dty. rf/'y, ' 

70 

105 

Pinus rigkla 

... 51 

— , 

(\7 

— 

Pencil-cedar 

... 50 


(17 

101 

Do. (Saijiciit) 

... 33 
. . 17 

— - 

(17 


Spruce 

li 

(1(1 

OH 

Sitka spruce 

... 47 


(ir» 


Silvcr-lir (Euiopcan) 

.. 1(1 

(1.^ 

100 

liawwm’e cypress 

... 4(1 

— ■ 

(>."> 

— 

Willow (.S', itlhii)... 

... 1(1 

78 

(11 

— 

Hemlock spruce ... 

... 4« 

— 

(14 

03 

Swamp cypi ess ... 

... 45 

— 

(12 


Aspcii 

... 45 

— 

(12 

— 

Wliitc poplar 

... 41 

— 

(12 

01 

Com 1 mill pine 

... 41 


(1(1 

81 

Pyriimiilal poplar 

. . 12 

— 

(10 

— 

l*icoa pungens ... 

. 12 

— 

(10 


lie< Iwoisl ( ( \‘il if' un ill) 

12 

88 

(10 

i»G 

Crypiomeria jap'Uiica 

.. 12 

— 

r.s 


l!atalpa a|)i‘ciosa ... 

12 


57 

on 

(«rcy walnut . . 

Abies coiK'olor ... 

... 11 

... 11 


r»7 

_ 

( 'liamioi'i paris obtu.sa 

... 41 

83 

?»■’ 

8(( 

Weymouth pine .. 

... 10 

75 

r.:i 

85 

Kuu'clnunrs spruce 

... 38 


511 


Scpioia gigantou 

... 31 


52 

82 

Paiilowiiia 

25 

— 

52 


('unnmghnmia 

... 20 

— 

52 

SO 

Cork ((/. Sui/t'r) ... 

... 15 

— 

52 

83 

Ilcrmiuicra 

... 15 

— 


According to Mayr’s observaiioiiH, Woyinonih pinowood 
weiglis the same in Europe as in America, and P. llotli’s 
figures quoted in ‘‘The AYliite Pine,” ))y V. M. Hpalding, 
18i)9, concur. 


6. Cohcroice. 

Coherence is the force that keeps the constituents of wood 
united ; it is measured l)y the resistance offered hy wood to 
shearing strains and to a separation of the cells, tissues, 
or annual zones. Tetmajer states that the coherence of 
wood may he measured hy the amount of deformation 
exhibited in testing its strength and hy the force applied. 
Its influence is here apparently greater than that of specific 
i^^eight, to which coherence is not proportional. Whenever 
^^ood is utilized its coherence comes into play, but there are 
life exact observations of this quality in woods of different 





7. JlygroHcojyidty. 

, The hygroscopicity of a wood is its reaction to water and 
water-vapour. If absolutely dry wood is placed in contact 
with air saturated with water-vapour, as an organised body, 
;,#ie walls of its tissues gradually absorb so much moisture 
that the wood becomes saturated. The weight of the woody 
tissue is then about 15 per cent, more than its absolutely dry 
weight. If the wood is in air with a relative humidity 
of 50, it absorbs gradually only 50 per cent, of the 
water that it could absorb in saturated air, viz., about 7 to 
8 per cent, of its own weight. The absorption of the walls 
of woody tissue is therefore proportional to the relative 
humidity of air, allowing a sufhcient time for the action of the 
atmospheric moisture. Water can be deposited only in drops 
in the cell-lumina, which are completely surrounded by ligneous 
walls, if tlie iemj>eraiuro of the air inside the colls is cooled 
down ahuost to the dew-point owing to the cooling of the 
external air; as the temi)erature rises, water disappears again 
from the lamina. The water, which persists in the wood for 
some time at least, at all temperatures, is either the remains of 
the original water in the growing tree or has entered the 
wood after contact with water, so that the air from the cell- 
lumina is gradually replaced by water and tho wood then 
becomes saturated. 

In wood-industries, the importance of the saturation of wood 
by water is not due to any consequent increase in weight, but 
because wet wood is more accessible to fungi; also because 
in many other technical qualities, such as transverse or 
strength and comhustibility, it becomes deteriorated and that 
its shape alters as its contained moisture varies. The conse- 
quent increase in volume of w’et wood is termed swelling, 
Avhile a decrease in volume of drying wood is termed shrinking, 
both these actions being included in the word warping. 
Shrinking is often accompanied by cracks, which cause 
further deteiioration in the quality of the wood. 

As already stated, absolutely dry wood may absorb water 
from saturated air till it has increased 15 per cent, in weights 
when the celbwalls are saturated. The expansion in volume! 



pil 

B, v«aB completed. It has been Bhown by ; 

jbservations, including those of Mayr, that when wood 
renyiins lying for a long time in water a still further expan- 
don results, until the wood is completely saturated. If we 
term the volume of wood the cell-w'alls of which are saturated 
jvith water, such as the sapwood and heartwood of a freshly- 
Eelled tree, the volume of green wood, then this increased 
o^olume may be described as the saturated volume. 

Wood-tissue for some time in contact with air with a rela- 
tive humidity of 60 per cent, swells up to a condition which is 
half the swelling resulting from contact with saturated air 
[relative humidity 100). However variable the absolute amount 




h 

Fig. 29. 



a Sivticm of the cell-walls hi wo^-xi alisolntely dry, forme<l of mycellie without 
intcrniediale spam, h The same, in air with relative humidity 50, the 
intermediate spaci’s l)etwceu the inyeelhe fiUe<l with water. <* The same 
in saturated air, or as green wood, saturateil with water. 


of swelling may he in different species of wood, in all woods 
the amount of swelling or shrinking is proportional to the 
increase or decrease in the relative atmospheric humidity. 

The best and most natural way to understand the processes 
of swelling and shrinking is to consider the cell-wall as com- 
posed of mycellse; when it is absolutely dry, adjoining 
mycellffi, which though invisible must have a prismatic or 
cubical shape, Lave no spaces between them (Fig. 29 a). 

If such a piece of cell-wall should conle in contact with 
moist air or with water, the water forces its way between the 
mycellfe, forming interstices, until the wall swells so as to 
45orrespond to its saturated volume. Fig. 296 shows this 
saturation up to 60 per cent., 29 c., with saturated air. The 


'shrinking Of drying woon snows the revere P^esa^ as 
water of inhibition gradually leaves the cell-wall. 

. If wood were thoroughly homogeneous, as is » ^8® 
clay or cement, it would stretch or contract “ 

sidL; as it is composed of elongated organs, which altei their 
shape much less along their longer axis tl.an radially or tangen^ 
tially, the alteration in the whole piece of wood is unequal m 
different directions. It has lieen proved that in passing fioni its 
green volume to its air-dry volume the length of a wooden rod 

brinks on the average by 0-1 per cent, of its 

whilst 111 the radial direction, 

along the medullary rays, the 
Hbrinkiiij]; is from 3 to »> pot 
cent., and in the tangential 
direction, tangential to those of 
the annual rings, 0 to 15 per 
cent. The greater contraction 
along the tangents may ^ be 
studied on any freshly cut piece 
of wood, as it causes the wood 
to crack perpendicularly to the 
direction of shrinking, that is 
radially. The effect of unequal 
shrinking is spcicially noticeable 
in planks; the more tangen- 
tially they are cut the more 
they contract in width, but the 
nearer the sections are to the 

radius of the stem, the less the shrinkage (Fig. 80). 

The fact that, in spite of the saturation of cell-walls witl: 
water, if the amount of water in the cell-lumina be redu^ 
there is a shrinkage in tlie walls of wood-tissue, is true al» 
lor standing trees. Kaiser and Friedrich, by measuring tree 
in daytime at the moment of greatest transpiration and a 
night when transpiration is arrested and the tissues are gwge 
with water, have shown that their diameters vary m widS 
Mayr’s observations alsoshowthat thelength of a treefluotna^ 
ijrith its water-contents. 

The amount of ahnnkage depends on : h The watw-e^ 



h 

fli— VliUik from llie roiitrc of the 
slom ^^inl ft Scot ton 
nulial. t'—tl rianks w Wh more 
or If'KS t aiitiont iiil seci ion.s,t\ hie\t 
nhrUilc ami warp move tbau <t h. 



burning and end of the drying. Ab regards tW’; 
itnteti sapweod contains more water at daybreak after a period , 
(rainy weather, than at sunset, after dry weatiier. This varia* | 
on continues througliout the year, and is not coniined to any^ 
sason; felling in summer or winter, therefore, alters the degree' 
E wetness of wood and the consequent shrinkage only according 
3 the weather that prevails at the time of felling. It is there. 
)re indifferent as regards the sapwood whether wood is felled 
1 dry weather during either summer or winter. Only the 
ict that a certain season is drier than another could render 
i more favourable for felling trees. 

.The amount of shrinkage in green wood is ilie greater 
he more the wood dries ; it is greater from green wood to 
ir-dry wood than from air-dry wood to wood that is abso- 
iitely dry. 

2. A wood that is air-dry does not, therefore, cease to warp, 
lUt its volume still varies with the relative humidity of the 
\i\ This fact is of great technicat importance, for wooden 
ibjects made in the moistor climatic regions, such as the 
3riti8h Isles, or Japan, when imported into drier countries 
n variably warp and may become completely useless. It is 
inly when they are prevented from drying, or becoming moist, 
nider the opposite conditions of import from drier countries,- 
hat they do not warp. If they are laciiuered or varnished 
hey will not warp. Similar results follow for all wooden 
objects that have been made in wet weather (window-fittings, 
ricture-frames, tables, flooring, etc.). 

3. As heartwood is always drier than sapwood, it slirinks 
ess. Heartwood of conifers contains less water than that of 
Iroadleaved trees, so is more serviceable when it is necessary 
lO use wood that has been recently felled. 

i. The heavier a wood, the more it shrinks wl^n dried.'^ 
ft. Hartig t found that the hardest and heaviest coniferous 
ildod, at bend 5 in the stems of trees that ho and Cieslar 
l^atned “ redwood,” shrinks less than normal wood. The 
flowing law, as stated by Nordlinger, is, however, correct: 
*^*'^^<bwood shrinks mpre thdn stemwood, the letter more 

♦ «jsr(iixlliiiger,” J886. K. Ho8», 1887. 

Ssrtig. ” H(toi»ter»uchuiig«u, AlWa u. NtjUcis;’ liWl. 
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Jihan rootwood, uneoloured beartwood more than the outer 

^hia reaction of eapwood and heartwood in spruce, silver- 
fir, birch, beech and hornbeam, which have no normal colour- 
. i„R matter in their heartwood, is ™ 

eapwood is said to shrink more than heartwood. 
e case of the amount of shrinkage, after sapwood and hear - 
wood have attained a similar degree of moisture, namely their 

air-dry volume. , i • i 

5. When heartwood is coloured, as in oak, larch, pines, e c., 

it shrinks more than the sapwood ; in robniia vHartig) by 
8 per cent., in larch by 10 per cent. 

(i. Tlie contents of a wood in resin alTects its shrinkage, o 
in TOiiiferons woods resin can iienetrate the cell-walls only 
after they have parted with their water. Hence only aftei a 
tree has been felled can the reduction of warping, owing to a 
deposit of rosin, be noted. The more slowly coniferous wood 
is dried (Mayr) the greater the accumulation of haid rosin an 
the less the wood will warp. Species of wood that are naturally 
very resinous, therefore, shrink less than less resinous woods. 
Hence the wood of Weymouth pine (in opiiositiou o the law 
of greater shrinkage in heavier woods) slirinks less ban Scots 
Hiiiiewood, the latter less than spruce, and that less than silyei- 
fir. ritch-pino shrinks less than Weymouth pine or Scots pine, 
and hence the preference given to pitcli-pinewood. 

7 Tlie waHiiiiig-out of soluble salts by placiug wood in 
water, according to Ndrdli.iger, has no iniluence, and 
(P. Persch) only a slight influence on the shrinkage (in 
fioating and rafting). 

8. The unequal changes in wood due to drying and wetting 
result not only in an alteration in its volume, hut also m 
■twping (Withdrawal of a piece of wood from its original planes). 


W'kmIh. 


Oftk 



Ucei;b 

HoiiUjCrtut 



Percentage of Sln'inltage. 

ongiludiiial. ^ lliiilial, j 

TangentiaK 

0*3 

• ‘ 4*3 

1 6*r» 

0*5 

4*6 ! 

7*2 ' 

0*3 

5*0 

n 

0*8 

6*8 

j 10*5 , 





WoodH— tonOMwl. 

rwenlage olSlirli>k»j?tn 

Loiigitutliiml. 

Ilailinl. 


Pear 

0-2 

a-2 

0*1 

Svcjirnorc 

0*1 

:V2 

0*0 

Birch 

0*5 

15 


Spioice 

o-os 

2-o; 

aa 


Silvor-fir 

010 

0*1 

Scots pine 

0*10 

2*2 

P4 

Inarch 

U'I5 

aa 

P2 

Kobliiiji 

01 a 

ao 

r.-H 

Alaho;;uriy 

Upper side of spruce brsiuclies 

liower „ „ ,, 

oil 

otn» 

1-21» 

1*1 

1*K 


Tile next Btatemeiit ^^aves the shrinka^^e in total volume in 
paBBing from green to air-dry wood in percentage of the 
^’olume of the green wood. The figures in brackets (AVeishach) 
L'efer to the increase in volume of air^dry wood tliat has hoen 
placed in water for the space of a month. 




Shrill 

M odci’ttte. 

liiiine. 

Malioj,niny 1--1 

Kobiiiia 5*0 — 

Lime 7 0 

Woyiuoutli pine !J’r> 

Sycaiiutre 5*0 (8'.5) 

I5(3ecli 7*2 

Kboiiy 

... ai — 

Hirch :>*.*) (7'5») 

(Mierry ... 7‘a 

i^jircii a-a — 

Ash 5*7 (7'.‘)) 

Hornl)eain 7*.') 

Scots pine 

... a- 5 (4S) 

I'oar .VS (K*0) 


Spruce 

... 4*(» ((;*.“.) 

Alder 5S (Oa) 


Klni 

Silverdii . .. 

... 12 (07) 

... PCi (.‘r-l) 

Apple .V!» (lop) 


Poplar 

... 4*(; c<;.2) 

\ /<I>K • >> U i) 

Walnut r»'0 — 

Ilorse-chcstuiit (1*0 - - 

Norway maple. — 



f {n-:o 

lOS) 

(!H) 

( 1211 ) 

/ 


[The percentages in the last tabular statement show’ how to 
salculate the reduction in volume, c./jr., of railway-sleepers, 
rom the green volume of the wood to its volume when 
itilizable in an air-dry condition. This is very useful for 
ileepers of somewhat doubtful dimensions, that would shrink 
0 perhaps a smaller size than that agreed to by a rail- 
my company, and might consequently be rejected.* The 
igures in brackets am useful when timber is floated, as it 

• M»lLcy 00 (fit. 



Scots pine, which ifl more resinotts than sprm^j 
jillyer-fir, absorbs less water than eitlier, and is therefore 
"liable to saturation than they are. Such resinous wood, ^ 
^of pines, larch, or deodar, will float longer and is less habie 
sink than the wood of spruce, or siiver-fir. 

Boppe’s ‘‘Technologie Forestiere” and Mathey’s“Exploila-' 
^ tion Commerciale des Bois ’’ give some practical results about 
warping which are not given by Gayer, and form the subject 
' of the next section. 


8 , Practical RcshUh of Warping. 

Duhamel de klonceau sj)lit some scantlings and poles by 
two or tliree cuts in order to show longitudinal shrinkage, 
and as s(‘on in Fig. 81, each split piece curves outwards. 

This explains why planks 
sawn through the centre 
of a log (Fig. 82) gene- 
rally crack, the crack being 
the deeper, the thicker 
the plank, the more sap- 
wood it contains and the 

wider the annual zones of 

wood. 

The outer zones contract • 
:ii. cAHcv iU)piK'.) central ones, 

iiid the central plank (Fig. 88) is curved convexly on both its 
larger surfaces. If planks are cut at distances more and more 

Amoved from the centre of the wood, they tend, owing to 

j|nec|ual warping, to become more and more concave on their 
buter surfaces, as showm in Fig. 84. 

: The shrinkage in width of such planks has been referred 
io already (p. 08). If a floor be made with insufficiently 
4iied planks, they leave spaces between tiiem on drying, while 
if the planks arc nailed on the joists of the floor with their 
ihner sides exposed to the air, they tend to sliell-out. In 
gj!K)d flooring, planks are dovetailed into one another to rend« 
Ibe floor airtight. . , 

The centre of any log containing the pith, being frequent}^ 
l^p^ty in coniferous wood and in broadleaved wood. 





Irqik the verMI direotidn, is usually defeelive, aoiif 
the best plauks and other scantling are obtained by* 
^l^ting the central plank aiid cutting the log into two or fout^^ 
ialks (Figs. b5 and 86), which can each be sawn up into suit* - 
side pieces. This obviously requires logs of somowliat large ^ 



Fig. 82, (After Jiupite.) 


iameter, but yields timber that is much superior in tj utility to 
tiat produced when smaller logs are merely sawn through in 
ne direction . Duhainel showed that by thus cutting a log into 
)ur pieces, danger from cracks and waiqung is much diminished. 
Q Fig. 84 it is seen that the shrinkage of the four planks into 
^hich the wood is thus divided 
I quite uniform, and chiefly at 
leir outer ends. 

Ill India, where boxwood is 
it into round pieces for export, 
ich piece is sawn down to the 
mtre along a radius, and this 
revents any other cracks, the ) 

rge oiiening widening or narrowing according to the degree 
I moisture of the air. This is also the practice in Japmi 
% 87). 

In younger trees (Fig. 37) the concentric zones are fairly 
aiform from the pith to the hark, while in older trees the 
rger zones are shown in the middle of the transverse 
ction (Fig. 88), Hence the former usually crock in one 
ace, down to the radius, while in older logs there are 
yeral internal cracks. 

;^en, as in railway-sleepers, a fairly thick plank is cut > 
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ftocd therefore useless for caslvs, except those contain iiig buttei^^ 
Bud other more or less solid substances. In split oak or 
chestnut palings, the fibres and. vessels are not cut, and 
they are therefore much less permeable by water than sawn 
palings. — Tr.] 

9. Effects oj Heat on WchhL 
(a) Chwu)e of Shape, 

The coefficient of linear expansion of a rod is the increase 
in its length for P C. divided by its original length. Thus, if 
a rod one meter long, at 0“^' C., receives an increased tempera- 
ture of 100^^ and thereby expands 1 mm. in length, its co- 
efficient of expansion would he i6,-h>oo» O'OOOl. It 
should be noted that for wood, this expansion longitudinally 
is only a fraction of its radial expansion, and that the former 
is less than in metals or glass, wdiich being homogeneous, 
expand equally in all directions. 
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[Where iron girders are used in buildings, in case of the 
house being burned, the expansion of the girders tends to knock . 
down the walls ; this is not the case with wooden beams. — Tr.] 
In order to determine exactly the effects of heat on wood, 
the wood and the air in which it is placed must ho absolutely 
dry. If this is not the case, as in the wood of a living tree or , 
of one recently felled, or in converted wood, heat always 
produces contraction. This is because the heating of the. 
contained water not only counteracts the expansion due to 
h6at, but produces even a reduction in volume. 

> Frosen wood, according to Mayr, is affected by beat quite 




^^Berentry from unfrozen wood, and this prbVes that ^wm, 
siSoes not exude from the celhwalls of frozen wood. Oh 
contrary, owing to the retention of water by tJiese walls, a 
reduction of temperature acts oppositely on frozen and un? 
Irozen wood. When the temperature is reduced the latter 
^absorbs water from the air and expands, while frozen wood 
fi^ntracts; if the temperature is reduced considerably below 
freezing-point, frozen wood cracks, as does a mass of ice under 
similar conditions. Hence, when the air- temperature is very 
Jow, frostcracks occur in living trees, but they must not be ex- 
> plained by differences of temperature in the internal and exter- 
nal zones of wood in the tree, phenomena which Mayr states do 
; hot occur in nature.* Greenwood when heated above 0*^^ C. 
Ibllows the laws of evaporation of water, but when cooled 
below 0 ^ it follows the laws for reduced temperature in 
solids. 

(b) Movemenh of Ifie Water in Wood 
When wood is heated not only the temperature of the sub- 
stance of the wood is raised, but also that of the air and 
water it contains. If freshly felled wood or wood saturated 
with water from lying in it is suddenly heated, much water 
exudes on to the exposed surfaces of the wood ; if then the tem- 
•;,pevature be reduced the exudation of water ceases, but if the 
wood be submerged, it absorbs still more water. The water 

^ * [hUernal heat o/im'n.—A reiuaiitublc scries of c.'tperiiueiits, with a view to 
.^.a^rtaining Die variations of teinperuturc in trees, iias been eumlueteil by Herr 
Schleicher t, of Jena, who publishes the results in the Sat urwlm'nscka/f Hake 
?'^4H;hetuchnft. 

Hchloichert fiiuls that the general teinperalure of the interior of trees is 
il^peiident upon the tempernture of the surrounding air, but is intluenccil also 
Other causes, such as the ground tenn»erature, the temperature of the water 
i^^ndiug in the wockI, and the temperature of the branchCvS, which are directly 
pitted by the sun's rays. 

f :r The mode of ex|X5riment was the following : A hole was bored in the stem of 
on the north side at a height of metres (nearly 5 ft.) from thegroumi, 
the holo W'as plactnl to a depth of 1 2 centimetres (neaily 5 in.) a thermometer, 
scaled up with wax. A second thermometer similar to the first was 
P^iened to a bmncli of the tree, so lhai the air ciroAdate<i freely round it. 

&' The temiKsratures registered by the two instruments were taken at varying^ 
duHug the day and comimred. ; i 

Tke rearling^ of the thermometers for eight days in June, which are publishdlti 
light a curious phenomenon. While the external teui})erature show^ 
maxima in the aftornoou, the maxima in the interior of the 
recmled at mhinight and Uie minima at mhlday.^Tr. j 



(iwiiig to the eipaiiBion of the sap and air contained in 
phe wood* the expansion of the woodj substance scarcely 
fetervenes. The heating and cooling of the included water 
land air also proceeds in living trees, where it is an important 
factor in the ascent and descent of water, as well as in the 
lateral passage of water into the medullary rays. 

This movement of water proceeds also in converted wood, 
if it is insufficiently dried. The water is then driven out- 
wards by the expanding air, along its natural paths towards 
the external surfaces of the wood, that therefore become wet. 
The practical effects of this is to favour dry-rot {Mrrulim 
lacrimans), on joists and planks. 

(r) Deconi}m}Hon of ]VootL 

If wood is heated up to 100^' C. it first loses all its water 
and becomes absolutely dry ; several observations liave 
proved that the other properties of wood are thus somewhat 
altered. The production of absolutely dry wood is of iin|H)r- 
tance in many experiments, which can be carried out only 
when the disturbing factor, water, is eliminated. If the wood 
is heated still further, gases are produced and ignite when 
in contact with a flame, until Anally only ashes remain ; 
the rest of the wood passes into the air in the form of water-, 
vapour and carbon-dioxide, with a small amount of ammonia. 

If air be excluded or admitted insufficiently during the 
beating of w'ood, the woody tisflfue is decomposed : 

From 150*^’ to 280'^ into water-vapour, acetic acid, foimic 
acid, methyl alcohol, with a brown 
residue. 

„ 280® to BCD® into carbon-dioxide, air monoxyde, 

marsh-gas, acetyl, ethyl, and a 
brown residue, 

„ 860® to 430^ into marsh-gas and hydrogen, and a 

^ thick brown liquid of paraffin, 

benzol, carbolic \cid, with charcoal 
as a residue. 

„ 480® to 1,600® wood yields the same products as, 

before (360® to 430®), ho new onei- 
beihg fanned. 


As regards so-called uninflammable wood, it is 
with several chemical compounds, chiefly salts of alum, and 
becomes difficult to kindle, but is still inflammable after being 
subjected to fire for some time. 

10. CoHthictintij of Wood, 

{n) Heat. 

Wood is one of the worst conductors of heat and is there- 
fore largely used for matches, and for handles of tools that 
are subjected to various temperatures. Wood conducts heat 
better longitudinally than transversely, in the ratio of 18 : 10 
for softwoods and 18 : 10 for hardwoods. Heavy hardwoods 
conduct heat lietter tlian softwoods, and wot wood better than 
dry wood, as water is a better conductor of heat than wood. 

(/>) Hlertricitf/. 

Wood is also a ])oor conductor of electricity and serves as 
an iiisulatr>r ; high specific weight and wetness reduce its 
resistance to the passage of electric currents. This is the 
reason why living trees are struck by lightning more fre- 
quently than dry tiu^es ; also isolated trees, on account of the 
largo amount of water they contain, their high specific weight, 
and the spi*ead of their crowns, than trees growing in dense crops. 
Also certain spt'cies such as oak, in preference, as is generally 
asserted, to beech. The latest investigations of Hartig, unfor- 
tunately int(UTupted by his too early death, tend to show that the 
immunity to lightning sti'oke assigne<l to beech is not war- 
ranted. Hartig states that beech is just as often struck as ’ 
oak, but the extei-nal and internal action of lightning oli 
beech and oak differ. The fact stated by Janescu, that oily 
trees (r.//., beech, walnut, birch and lime) when compared 
With starchy trees (oak, poplars, ash, elm) are worse con- 
ductors and less frequently struck than the latter, should be 
noted. [Rednous conifers, such as Scots pine, are rich in 
oil during winter, l>ut jwor in oil in summer. "'Oil is a bad - 
conductor of electricity.— Tr.] 

(c) Sound. 

Wood conducts sound well along its fibres, i.e., bngi- 
todiimllj; tlie lightest noise at one end of a log can 



distinctly at the other end. Dry wood conducts sound 
'^tter than wet wood. The conduction of sound is interrupted 
f or the sound deadened by decay in the centre of the tree, so 
that the healthy or diseased condition of the wood of a felled 
, tree may thus tested. 

* {</) Liffht. 

Wood only in very thin sections is permeable by li^^ht; 
then, like calc-spar, it exhibits double refraction. Wood 
is very permeable by Kbntgeii rays. 

C. Chemical Piioperties of Wood. 

The ultimate analysis of woods varies within narrow limits; 
its organic substance when dry is composed of the following 
elements : Carbon, 50, hydrogen, G, oxygen, 48*7, nitrogen, 0*8, 
half its volume Ixdng carbon. 

The chief coiistiinents of woo<l are cellulose (('fiHioOr,) 
and lignin (C 26 HWO 72 ). Cellulose is tboreforo a carboliydrate 
roseinhling sugar in its composition. Lignin is tlie most 
higlily carbonised co?istiinent of the cell- wall. Lignin is also 
known as woody substance ; as the lignifying substance of 
cellulose ; with other materials in paper-manufacture, as 
the encrusting substance. Lignin is not a homogeneous 
substance, but according to Payen a mixture of four others 
with different reactions to alcohol and ether. Pure cellulose is 
dissolved entinily by coiicentraicHl sulphuric acid and converted 
into dextrin and feriiientaldo sugar. Treated with amnioniacal 
oxide of copper, cellulose is dissolved comidekdy, but can lie 
]|fecipitatGd again by the addition of acids, saline and sugar solu- 
tions and gums, as a white, structureless mass.* When cellu- 
lose is treated with HNOg iiitro-cellulose is obtained, a highly 
explosive compound (gun-cotton, pyroxylin), very soluble in 
alcohol or ether, and when the solvents are evaporated the 
precipitate is collodium, colourless and without any structure. 

Analysis by Weight. 
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* J. Horsch, “ Die Verwertuug ties Holsses.*’ 




Cieslar* has shown that the amount of lignin in 
thcreases when a tree receives increased light and heat, whici| 
therefore affect all the technical properties of wood ; these, 
therefore, depend chiefly on the relative volumes of cellulose 
l^d lignin in the wofxl. Unlignified tissues practically mean 
wood-formations that are not completed during late summer 
and are killed hy early or winter frosts. It is not the absence 
of lignin in the cellulose walls that causes the susceptibility 
to frost, for neither cellulose nor lignin freeze, but the 
presence of plasma that is still constructive and has not 
passed over into its resting (winter) condition. 

The })rt‘.sence of lignin in wood may be tested in various 
;Ways. Pure cellulose is coloured violet by chloro-ioclide of 
zinc; lignilied cell-walls are coloured cherry-red on the 
application of pliloroglncin and hydrochloric acid ; yellow 
by sulphate of anilin ; and sky-hlno under sunlight by a 
solution of plumol in hydrochloric acid. 

By boiling wood in a solution of so<Ia or caustic soda, or 
in a solution of calcium sulphate, lignin is removed from 
the cell- wall and pure cellulose is obtained. 

Many fungi tluit are destructive to wood attack its lignin 
and leave the cellulose intact, whilst other fungi, dissolve the 
eelliih‘se, leaving a brittle, brown ligneous mass that may be 
pulverised by the fingers. 

A chemical combination of the cell-w'all with salts of 
alumina, such as was athunpied in Ilaselmann's process for 
hardening wood, does not appear to be practicable ; the 
aluniina is merely attached to the wood and may he remo^ 
rain, etc. 

When wood is burned, its ash-constituents persist as a pale 
Igrey powder containing the mineral constituents of the wood. 
^They are simple or double salts of potash, soda, magnesia, 
^manganese, ferric-oxide, calcium-oxide, etc., combined with 
l^icic, phosphoric, carbonic, acetic, ix)mmic and citric acids, 
'^jUthougb some of these constituents are essential for the li6 
plants, their effects on the quality of wood appear to be Imi 
liiight; they i>enetrate it in all directions as an extremely fihj 
^^iheral skeleton. Carbonate of potash is an e<K)nomic prodi|^ 

m 

Jl Ci^iar, “ Uatcrsuohang iUjer den lagningehattainiger 



Themiheral ma^r in' wood varies from 2 id ^ 
in a thousand; according t(^pecies; age of tree-pails 
^ounger organs containing proportionally more ash thaip 
ones) ; age of tree and nature of the soil in which the 
kee grew. Silicic acid is so abuiulant in bamboos and palms, 
■specially near their outer rind, as to increase tlieir liardnesa. 
{Silica in the form of a hydrate is found in the liollows of 
bamboo culms and termed tuhaHhir, which is sold in IiuUuu 
bazaars. — Tr.] Briar- wood {Erica urborca), that is used for 
pip^ is very rich in silica. Some tropical woods, such as 
eboiiy, COCUB, etc., are very rich in mineral matter. 

Water is the basis of the life of trees ; after they are felled 
it is a worthless ballast in wood. Its great inilueiicc) on Uie 
economic value of wood will he described hereafter ; the 
section on specific weight may bo consulted for an account 
of the distribution of water in a tree, and in its heartwood 
and sapwood. 

Sugar, dextrin, albumen and tannin are decomposed 
easily, and form the chief nutriment of the fungi that destj’oy 
wood. The superior durability of winter-felled wood is ex- 
plained by the fact, that during winter the above materials 
are in a fixed t)r resting condition, in which they are more 
resistant to decomposition. Wood that has remaine<l for some 
time in water (floated or rafted) is also sui)pos()d to be more 
durable, because the above materials, being soluble in water, 
have been partly dissolved, and thus the fungi have lost part 
of their nutriment and their aggressiveness is reduced. 'J’his 
a#antage is effective if followed by a subseciuent complete 
drying of the wood to its air-dry condition, but practically tliis 
seldom happens, wdiile the saturated wood retpiires prolonged 
desiccation, lienee floated wood is more susceptible to fungi 
than wood that has been transported by land. 

’ [The materials above referred to serve also us food for 
insects, and bamboos that have been floated o\%r long dis- 
tances or soaked in tanks for several months are much more 
itommne from insect- attacks than bamboos transported by land, 
i^he drying of floated wood after it has been landed is much 
rapid also in hot countries than in Europe, so that 
wood is very durable under such conditions.— Tr.] 



m WOOD. 


Stigar coi)taiiie(5 in the sap of certain species of maple, birch 
and palms is of economfe valno. In maples the conversion^ 
of starch into dextrin and suj^ar occurs only in winter with 
temperatures holow freezing-point and so rapidly, that from 
January onwards, on days when it does not freeze, sap con- 
taining sugar exudes from wounds iji the trees. The yield of 
sugar appears to depend on turgescence and pressure; sap 
does not exude by gravitation hut is pressed out of the sap- 
wood. Ah st>on as frost returns the sap ceases to exude ; 
all maples yield fairly considerahie ijuaiitities of sweet sap, 
which call he hipped without any apparent injury to the tree 
or the wood. When the buds open the annual exudation 
of sap ceases. Mven European ma])les yield an agreeably 
scented syrup ; if this were l)oiled, sugar could ho made easily. 
This industry is largely developed in North America, and is 
referred to under the heading of the utilization of minor 
produce. The sap of maples contains live per cent, of sugar 
aid more, that of birch, hornbeam and lime-trees, hardly tw'O 
per cent. Eermeiited hirch-sap is a drink. 

(trains of sugar appearing on fresh wounds of the sugar- 
pine (Piiiiis Lamhcrdma) are used iu medicine. 

Starch is stored in the parenchymatous cells of living trees; 
in their external woody zones it is dissolved annually and 
used for Jiew' growth ; according to liar tig, in old living wood 
(containing plasma) it accumulates until there is a seed-year, 
BO that the periodicity of seed-years coincides witli the maxima 
ttccumulatiuns of starch. This statement is admissible only if 
it can he pi'oved that iu specially favourable w^arm years (1892, 
1898, 1894), several successive seed-3'ears can result from the 
accumulation of starch in the inner living zones of the same 
tree. Mayr believes that bright warm summers produce so 
much starch ami other formative material as to suffice for the 
prcKiuction of llower-buds, without drawing upon the resources 
of preceding years. 

Biarch increases the nutritive power of wood and together 
with mineral salts and albumen is smred ehielly in the finer 
branches and twigs, so that these tree-parts are sj^eciallyv 
nutritive for cattle and game. The older tree-parts are poor 
in nutriment, but in years of scarcity they may be mixed with 
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corn as wood-bretwl, and thus may partly replace other fcxider. 
Buell an experiment has been made with beecliwooil. 

Tannin appears to play a varied part in wood, its most^ 
imiMirtant role being that it precedes and includes the colour- 
ing-matter that gives its colour and ihirability to heartwood. , 

Among the ethereal oils in wood, turpentine and camphor 
may be mentioned. Turpentine is contained partly in resin- 
ducts, partly in parenchymatous cells. If the resin-ilucts aife; 
severed turpentine exudes; it is pressed out hy the turgor 
of the sapwood. The cel- walls saturated with water are im- 
permeable hy turpentine^Wheii wood is wounded and ex[K)Hed, 
resin instead of water passes into the cell-walls (resinosis). 

Camphor is found cliielly in Lauraceje {Ctwiphoni) ; the 
species yielding it are given on p. 47. It is a higlily refrac- 
tive substance formed like taimiii in enlarged paroiichymatous 
cells. 

Betulin occurs in the wood and bark of birches, and in- 
creases tlieir combustibility, 

D. Mmcuanical raoi>mrriKs of Wooj). 

This group of those properties of wood, which are based on 
its anatomical and physical conditions, is dealt with under a 
separate lieading. Long technical experience is here m(n*e 
decisive than physical and anatomical science, wliich is not 
yet developed sufficiently to afford a clear explanation of 
the subject from a consideration of the sei)arato physical 
and anatomical factors. 


1, Fimncus oj (jrain. 

The term “line-grained’' is not etjuivalenl to “narrow- 
zoned,” nor to “ anatomically of simple structure.” AVood that 
can be worked easily is line-grained, wiiether or not it appears 
so to the eye. Oakwood as well as sprucewood may be line- 
grained or coarse-grained. The woods of old Weymouth pines, 
of walnut, box, horse-chestnut and mahogany are specially 
fine-grained. One condition for fineness of grain is uniformity 
in the annual woody zones, both in width and in the ratios of 
the widths of spring and summer wood w ithin the annual zones. 
This uniformity of the tissues de^iends chieffy on the age 





«k tree. At an advanced age the annual zones t)ec0^ 
dually narrower, so that the annual increment may renaa^l 
bnatant for a number of years. Mayr has shown that, as d 
I jUreo becomes ol4er and its volume pf wood increases, 
J^ipcomes less sensitive to variations in daily and even annu^ 
f^^variations of atmospheric temperature and humidity. Thp- 
fclprge volume of wood then equalizes extremes of tempera- 
Spre, BO tJjat the cambium being equably nourished produces 
steadier increment and consequently wood that is more finely 
f 'grained than in young trees. 

The method of growing a tree, and supplying it with light 
heat is also important. Virgin forests j ield wood that 
p^ay be more knotty than wood from a dense artificial crop, ! 
|l)ut on clean holes exhibits the finest grahi, the greatest 
^ Uniformity of structure (Fig. 39). Excluding very old trees, 



the explanation of tliis fact is due to the prolonged mainten- 
ance of the tree during youth in the diffused shade of the 
virgin forest ; for decades the young plant lias lived protected 
by older trees under uniform conditions of temperature, 
humidity and illumination, the forest equalising extremes. 
By the successive death of old neighbours, the tree obtains 
jgradutilly a full supply of light and heat long after the 
passing of its youth, .w'heu meteorological extremes would 
have caused irregularity in its annual woody zones. 

’Ihe gi'adual acquisition of an oj)en^J^Bition results in on 
mcreased increment, but not in abnormally wide and irregular 
iannuol %oiies« Wood from a Selection forest approaches 
tiiiB condition most nearly. 

A tree under the Shelterwood oompartment syate^ 
ftith a derise reserve of mother-trees (Fig. 40) possesses 
Its pith, wood, that has very narrow zones for the first 20'^ 
;f0^ years; Oteu, owing to full exposure to light, « 




pSe an47’^regiilar aonas, but as the tree gets oh! the annual 
'isones gradually become narrow and the wood resembles that 
:frdm a virgin forest. ^ 

^ : If, daring the re|||eration period, tha^iitroe servos as a 
ittother-tree, wider zones follow, as in Pig. 42. 

The Clear-cutting system, with artificial reproduction, 
secures from the first full light to the plant, also exposure 
extremes of temperature and humidity. The wood is there-. 



Fig. 40. — Woo»l grown under the Shclterwoo<l Oom{Mirinn*nf syslcni, 
just before a thinning. 


fore broad-zoned from the first; zones of narrow summer- 
wood vary with others in which the hard summer-wood is 
broad, only in old age does the wood become uniform and 
narrow-zoned. The clear-cutting system produces the 
coarsest grained wrood. 

If a tree is set free when old (in Fig. 42 is a tree eighty , 
^ears old) in the clear-cutting system, under the influence 
of the increased exposure to light and heat th(‘, annual zones 



Fig. il.— giown under the clear-cutting ftystem. 


become wider, but gradually narrow again. Such wood is also 
coarse-grained (Fig. 42). 

, The inferiority of wood prothieed in the open is rea^lily 
explained by the fact that a free position in young trees causes 
larger wood-increment than in trees naturally regenerated. 
l| is indisputable that in old age it is not density of crop, but 
open crop of a selection or virgin forest that produces the 
ll^test volume of wood in a given time. Contrary to popuW 
selection or virgin forest is not dense but op^ and 



iriherefore pfodiiees tlie most underwood, Unfortnuately tHe 
. time required is longer than the usual rotations, and trees 
"grown in crowded crops must be utilised early owing to low 
increment and di^se (red-rot), ^ ^ 

The influence of soil on the quality of wood is such that 
go(Kl soils produce woody zones that are broad and irregular, 
and consequently coarse-grained wood. The worst soil, or 
soil that is deficient in certain qualities, such as sand or peat, 
ju'oduco slowl y grown crops, but wood that is finely grained. 
In damp, cool climates, ?.c., maritime, northern or 
alpine cliiliates, and on northern aspects, trees giw slowly 
in girth, and their w'ood is uniform in texture and finely 
;|^ained, Norwegian, Swedish and North Iiussian w'ood is 
renowned for its fine grain, while the famous resonant spruce- 



Fij?* 12, — W’(uvl of a tree lliat has stood inf. free position both when 
younjr and oKl, 


wood from mountains is the ideal of fineness of grain. Inter- 
ference with the fineness of grain in wood, owing to knots, 
twisted fibre, etc., belong to tbe section on the defects of wood 
(p. 124), ♦ 

2. Fissihility. 

The property of wood owing to which it may be split with 
wedges, etc., is termed flssibility, and depends chiefly on the 
direction in which the force acts. Fissihility is greatest 
when tlie splitting implement, c.r/., an axe, acts longitudinally 
radially on a transverse section of the wood. Wood is 
less fissile when the axo strikes the tangential section along 
a radius, still less fissile when the wood is to be split along 
the annual zones, and this is easier on the transverse section 
than wlion the axe strikes on the radial section. Wood cannot 
be split if the force acts perpendicularly to tbe direction of its 

• p’yi>e8 of the wootl of onlt, larch, and »j)ruce of various kinds of prain are given 
in the last taken from BopiKj's “ Technologic Fore8ticre."’—Ti;,], 



ibiefi ; li is indifferent whether this be radml or tangentiah^ 
Penetration by an instrument is then possibl^ bnly if the 
Bbres are severed, while their severance is rendered more 
difficult owing to their compression by the instrument. 

Fineness of grain is the next important item favouring 
hssibility, a straight uninterrupted course of the fibres 
renders a wood fissile ; everything that favours or diminishes 
fineness of grain in woods increases or lessens their fissibility. 
Twisted fibre occurs sometimes in entire stems, and normally 
in the rootstock or at the junction of the stem with a ])ranch; 
this diminishes the fissibility of the wood. Fissibility is 
annulled absolutely when the fibres alter in direction in 
consecutive annual rings, as in CTuiacuni-wood. 

High medullary rays, or numerous fine rays increase 
fissibility in the radial direction. 

Moisture softens the cell-walls, so that contiguous cells are 
separated more easily, hut they also become tougher. In 
hardwoods, the increased divisibility out-balances the tough- 
ness, so that they are split more easily when wet than when 
they are dry. In the Spessart freshly-felled oaks are split 
longitudinally to test their soundness. The opposite is the 
case with softwoods: their toughness when wet out-balances 
their divisibility ; therefore they are more fissile when dry. 

With woods that are equally moist, a higher temperature 
increases fissibility unless it also dries the wood. If the tem- 
perature is below freezing-point and the w^et wood freezes, its 
fissibility is at once prejudiced ; ftosen wood breaks with 
a conohoidal fracture like a block of ice, as it resembles 
ice closely in its physical properties. This is another clear 
proof that when wood freezes, water is not exuded ftom the 
cell-wall, otherwise the sapwood of softwoods, especiajly of 
conifers, would become more fissile than before it was frozen. 
As water when frozen iu the cell-walls reduces the fissibility of 
wood, the same result will follow when other substances replace 
water in the cell- wall. 

All ooloturing-matters and resin therefore reduce fissibility. 
In extreme cases, when the resin hardens into rosin with which 
the wood becomes impregnated, fissibility disappears; such 
wood resembles frozen wood in this respect. 
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; High speoiflc weight is opposed to fissibility ; it is m6i?i^ 
iditecult heavy, hard woods, than the lighter woodsil 

This apj)lieH also to wood from an individual tree, hranchwoo^i 
is less fissile than stem wood, even though the former be straight-: 
grained, but rootwood, though lighter than stem wood, is less 
fissile, owing to irregularity in its fibres. 

Soundness is a necessary condition for fissibility. Diseased 
wood is either soft or brittle, according to the nature of the 
'disease; in either case it is less fissile than sound wood. 
Owing to the action of the attacking fungi, the wood at length 
becomes a bomogeneons mass, which can no longer be split. 

In judging the fissibility of the wood of standing trees the 
following favourable factors should be noted : Freedom from 
'branches and knots ; fine bark, with straight fissures. It is 
stupid and miscbievons to cut out a piece of the wood and test 
its fissibilily. 

TJio following list show's bow' greatly fissibility depends on 
species. 


Wiy Kis,silc. 

Fissile. 

Falliv Fissile. 

! 

THtllnilt to Mi.lil.. 

Very flitlirnll 
lo HpliU 

Ciuniot be 
Split. 

Uiiniboos, 

SprncT. 

Wcvimutlli 

( 'hurry- wihhI. 

llobinia. 

(luiiiiicum. 

OniHs. lliul 

Silver-tir 


Kims. 

Corniis 

I'aliii-wooil. 

(■MI» )k' 

OsKTS. 

Si'Ots pint'. 

l‘on.rjui(l sipjilo- 

Mas. 


into 


Ojik. 


Illadv pine. 


lit mu Is. 


Ash. 

I'nplnrs. 

Uux. 




lim'h. 

Tn'('-\villo\vs. 

Elioiiy. 




Ahlur. 

Kiim‘s. 

|{os<h\o»hI 




l.!U('h. 

IIorM'-elustmil. 





(Vuihiiiii 

Maplos. 





pinu. 

V«!W. 

Uiich. 

M:(ho^iUi\. 





Ihizel 

1 Teak. 





Swfot 

chestnut. 

1 rianc. 



J. 



i 




3. Sfrnujth. 

The strength of a piece of wood varies with the direction of , 
the force which tends to alter its shape, so that there are- 
different kinds of strength in wood. 

Tenacity is the resistance a wooden rod offers to a force 
tending to stretch it. The coefficient of tenacity is the fof^^ 
whichcan tear a rod one meter long and one square cenfcimetei'^ 



s^tion, while the force that can stretch stich a rod to douhle 
[ts length, if this were possible, within the limits of its elas- 
foity, is termed the modulus of tension. [We may however ^ 
Bay, with a greater regard to possibility, the modulus of 
tension is one million times the force, which would stretch 
the bar to a million times its length.—Tr.] These and other 
strength coefficients are given in kilograms per square centi- 
meter, and as the atmospheric pi*essure on a scjuare centi- 
meter is very nearly a kilogram, the force is frequently 
represented in atmospbevic pressures (at). 

Tn the case of resistance to crushing, the force acts in the 
opposite direction to a tensile strain, and the coidliciont and 
modulus are determined analogously. Resistance to torsion 
is that offered by the fibres of a rod, the axis of which is fixed, 
to a couple of forces tending to turn it on its axis. Resistance 
to sheering is that offered by wood to a force which tends to 
.make sections of the wood slide on one another. 

[None of the above strains (forces) or stresses (effects on 
the wood) are of much practical importance. Tn contrast 
with iron, fracture of wood by tension acts suddenly, tliere 
being little extensibility along its fibres. If a piece of wood 
be fastened at botli its ends and then subji^ct to a load in the 
middle, it may bo bent and th(‘. fibres on the convex side are 
stretched, but the consideration of such a strain practically 
comes under the heading of transverse} strength. Crushing 
strains come into play, when wood is used for vertical piles, or 
posts, mining props, wheel-spokes, etc. Over-weighted wooden 
pillars bend and break transversely. 

Whcel-spokes are subject to crushing strains and the best 
woods for the purpose are robinia and oak ; the former wood is 
now coming into use for the spokes of motor-cars, where the 
pressure on the outside wheels in going rapidly round curves 
is very great. In using peeled oak coppice-shoots for pit- 
props it is essential that the liorizoiital cut made at the base 
of the shoot in order to strip off the hark should sever none ol 
the wood-fibres, as any such cut very greatly diminishes the 
strength of the prop. 

Mathey (op. cit., p. 7) goes into detail on the question of 
the strength of pit-props, which were tested in 18D1 1896 bj 
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Emile Sardine, and the general results obtained by the latter 
for props 14 c. in diameter at the small end are as follows : 

Jircakinjj-wei^fht 
in kilos. 


Oak 5,220 

Maritime pine .... 4,790 

Silver-fir or spruce . . . 4,750 

Larch 4,810 

Scots or Llack pine . . . 3,740 


With a diameter of 18 c. the superiority of oak was further 
accentuated, but the larch came at the bottom of the list. It 
was presumably of bad quality. 

The windlass is about the only case in which wood is 
required to resist torsion, and the dimensions of wooden 
windlasses are usually sullicient. Guaiacum-wood resists sheer- 
ing strains best, as in pullies; beech, apple and pearwood 
also resist sheering w’ell, hence the use of these woods in 
golf-clubs. Hornbeam-wood resists both crushing and sheer- 
ing strains and is used for cogs and skittles. When subject to 
a crushing strain, according to Laslett, its fibres, instead of 
breaking off short, double up like threads.— Tr.] 

The most important strength of wood is the resistance it 
offers to a force acting at right angles to its grain, and is 
termed transverse strength. As long as the change in the 
form of the piece of wood is only temporary and it recovers 
its original shape after the strain is withdrawn, the wood is 
said to he perfectly elastic. If, however, a change of form 
remains after the withdrawal of the strain, the limits of perfect 
elasticity liavo been exceeded. The modulus of elasticity 
of a piece of wood corresiwnds to its change of form until the 
limits of elasticity have been reached, wdiile the modulus of 
rupture gives tlie force in kilograms, when breakage results, 
after the limits of elasticity have been exceeded. 

Investigations regarding the strength of wood date from the 
early part of the nineteenth century ; it was chiefiy Duliamel 
dll Monceau who attempted to discover a relation between the 
specific W’eight of wood, that is so easily dettirmined, and its 
strength, the determination of which is much more difficult* 
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; Buhamel considered that specific weight is a measure of the 
strength of wood, and he was followed in this way by other 
investigators. Hartig* and his pupils went too far in this 
direction, as they affirmed the identity of heavy = strong, and 
of light = weak, stating that heavy spruce wcxhI is always 
stronger than light sprucewood ; they forgot that the most 
costly and excellent sprucewood, resonant wood, is the lightest 
wood of this species. Omeis followed Hartig in basing 
strength on specific weight only, in the case of Scots pine ; 
Eichhorn for oak ; Bertog for silver-fir ; Schneidei* for ash. 
The best works on the subject are given below. ! 

Tetniajer gives the following data in tons of 1000 kilos per 
square centimeter of wooden rods, half a meter long : — 


Spi'nis. 

XIoiliiluK of Kiiiitiirc. 

SpH'illo 
ol .lu tliy 

Silver-fir 

l(Mr2 

4(1 

Oak 

1(12-7 

7(1 

Spruce 

, llu-9 

17 

(IP 

Jill roll 

114*-l 

Scots pine 

Beech 

ns-s 

H5S-5 

52 

72 

M(mIuIus (d ehislicity (lineal) 


Scots pine 

n lSH ‘ 

1 

Larch 

n-2(M» 

1 (»0 

Spruce 

0‘2in 

47 

Oak 

i) 217 

7(1 

4(1 

Silver-fir 

n-221 

Beech 

(n2in 

72 


It cannot bo affirmed from Tetmajer’s results that the 
moduli of strength and elasticity are correspondent. Most 

* U. I{artig, “ Uiitereuchungcn iilxjr die Knlstehim^ und EiKeuHelmfleu des 
Kist'nhol/i*s.” “ A'craohiedenhciteri in <ier u. ini iiuatomiwheii liati 

der Kiohto 11 l 10 l 7 .es.*' Foi’stlicli Nut. Zeitniij^, 1HU2, ISiU, IHtH. 

t NiiidliTi^?er, “Die Kl»i.stizitiit <lcr H()l/.or." Zentrlbl. f. d. f'os. Karst woseti, 
18S7--S'.». Dun sliiiij^er. Klasticitiit ii. K(‘stigkeit vorucliiciloner NtMlolliblzer.” 
Munioh, ISHH, 1SS7. Schwuppnch, “ rnterRiichuiigen iilier Hfiii»iig(‘wicht. n. 
DruekftUigkoit des llol 7 .eH;’ isy7, ISSS. Biihlor, “ Viiterauchurigen iilK*r die 
Qualitiit des in lichten u. gcsehlosBeiicn Stand crwaclwenen 'I’ntmen u. Kichteu 
hokt^s." Landolt, “Piiifuiig der Kestigkeit 11 . Elastizitiit der ItuuliJil/er.'’ 
SehweiK Zeilwhrift, 1S8«>. iliuleck u. Yaiika. “ Cntersaclinngen illsT die 
Elastizitiit u. Kestigkeit der iistcrreich : Uauhiiker, I. Kichte Siliitirals/’ 1‘JUO. 
Tetniajer, “ i’rlifung der scliweizeritKThen Baulidlzer,” I8S3— IHIHI. Keniow and 
Roth, ill several pamphlets on the strength of American woods. “Keiioiis 
m the strength of structural timber,” W. K. llatt, Knited States of America 
, direst Service, Circular 115, Oct. 24, 1907. 





investigators have not calcalate<l the limits of elasticity, btil^ 
have stated that the two moduli correspond. 

As regards specific weight, they affirm that for any species^' 
heavier wood is stronger, so for two species of spruce, the 
heavier is stronger and more elastic. Schwappach goes more 
into detail on the connoctiou between specific weight and. 
transverse strength, stating that : 

Transverse strength, depends on : — 

(a) . Tree-parts. I’he external wood is the strongest, also 
iisnally the heaviest. In the crown of a tree, sometimes the 
weight, sometimes the strength is greater. The so-called 
hard and heavy side of coniferous trees is weaker than the 
8o-call(«l soft side. According to F()ppel* also, the wood of the 
upper side of branclu^s is stronger and more elastic than that 
of tlieir lower side, so that lighter wood is stronger than 
heavy wood. 

(b) . Age. Old wood is stronger, though lighter, than young 
wood ; in the Scots pine, specific weight diminishes after a 
tree is sixty years old, hut strength increascis. 

(c) . Locality. The strength diminishes as the tree is grown 
away from its oi)iimum climate (of, p. 50). 

(d) . Soil. The best soil produces the strongest wood ; it has 
been shown already that the best soil does not always produce 
the heaviest wood. 

(e) . Wetness of the wood. Variations of 1 per cent, in wet- 
ness give difterencos up to 8 per cent, in strength. 

Schwappach hence decides that specific weight alone is no 
determining cause of strength. 

Only after eliminating the results of age, locality and method 
of production, and aft(3r seasoning the wood, is its strength 
dependent uj)on its specific weight alone. Thus in order to 
avoid one mistake further investigations involving fresh sources 
of error must he undertaken. 'JVtmajer states that the propor- 
tion in which cellulose, lignin, gums, etc., are mixed in the cell- 
wall does not alTect specific weight, nor does the mode of 
union of these materials with one another, nor that of adjacent 
cells (cohesion). Tetmajer alleges that the amount of defor-' 
mation, which in tests of strength, occurs in displacement cl;; 

11, llartig, llQh«tntert»uduu>gen AUes u. Ncues." Uerliii, 1901, 
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;f & molecules, is a very importaut factor, but specific weij^bt 
' gives no indication of this. With these results b(?fore liiin, 
Mayr concludes that to foretell tlie strength of wood by 
means of its specific weight is like a forecast of approaching 
weather, from no factor except the position of the haronudric 
column. We must therefore try to produce the cleanest, 
Btraightest and most cylindrical stems in the least possible 
, time, whether or no such timber is heavy or liglit. 

The strength of a beam depends on the manner in which it 
is supported, and the point of action of a straining forco i 
a beam supported at one end and laden at the other 
- possesses only one quarter of the strength of the same beam, 
when supported at both ends and weighted in the middle. If 
after the weight has been applied and removed there is a 
change of form in the beam, the limits of elasticity liave been 
exceeded. It has been assumed that this limit is half that of 
the breaking strain, that abeam which breaks wiili eiglit tons 
loses its elasticity with four tons. In engineering structures 
employing v/ood the limits of elasticity are never permitted to 
be approached, especially as llaui)t and Tliurston have deter* 
mined that the limit of elasticity is much lower when the load 
is permanent. 

Another very important item in the strength is the trans- 
verse shape of the beam, and the direction of the annual 
zones with respect to the supports. The transverse sti ongtli 
is greatest when the section is a rectangle ^^ith its sides in the 
ratio 10 : 7, the beam resting with its narrower side on the 
support. Such a beam exhibits the maximum strength (100) 
when the annual zones are approximately perpendicular to 
the supporting surface (Fig. ‘i'd a). 

If such a beam rests on its broader side, its strength is 00 
(Fig. 43 c). A beam with a square section but of the same 
area as (n) has a strength of 75 if the annual zones are nearly 
periieiidicular to the supporting surface (Fig. 43 05 when the 

annual zones are parallel to the supporting surface. A i oct- 
angular beam with the pith in its centre and placed on its 
narrow side has a strength of 90 (Fig. 43 d) and if square 
of 70 (Fig. 34 ('). (Another test gave h = 84, c = 70.) 

^ Tie way in which a beam is cut out of a log also affects its 
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strength. If q , piece of wood is subject to great pressure, as 
m wheobspokes or ladder-nmgs, it should be split or cloven 
from the log, as, by sawing or hewing, many fibres are cut, 
whilst by splitting, all the fibres remain in their natural length. 

Evenness of grain in the annual rings and approximately 
vertical fibres denote strong wood. Any interruption of the 
straightness of grain, caused especially ))y enclosed branches, 
reduces the strength of the beam considerably. 

Since the elastiidty of a beam is ascribed correctly to the 
amount of lignhi it contains, exposure to light and heat 



Fig. ni.— Utttioh of the Htrciigth of diffeivnt ix-auis of the .siuie in aica, 

but of <hfftTeut Hhaj)e.s. 


during the life of a tree must be favourable to the strength 
of its wood, for Cieslar has shown that the celbwalls hoconie 
more lignified the more light a tree receives. On the other 
hand, wood, especially that of suppressed poles, grown in a 
dense crop is tough, but less elastic and strong. Practical 
experience confirms this statement, for spruce poles grown in 
open woods belonging to peasants, called “ white stems ” on 
account of the lichens that cover them, are more durable and 
elastic than ** red poles taken from thinnings in a dense 
wood. The opinion of timber-merchants that mountain-wood 
is more elastic than valley-wood is also partly true. 
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Oontents of rosin has a slightly reducitig iiiliutjrice ou 
Strength, for very resinous wood is brittle and weak. 

The em[)loymeut of wood in high air-temperatures is 
Jconducive to strength, because the wood becomes dry. 
Temperatures below zero weaken the strength of wood con- 
siderably; when wet wood is frozen it becomes brittle and 
approaches ice in its strength. 

That humidity weakens wood has been already stated, and 
the experiments of Schwappach and lludelotT coniirni this. 

To the season of felling an in lluence on the strength of wood 
has been assigned ; wood felled in December is said to be the 
strongest. Anyone, however, who has undertaken to test this 
and who knows the numerous sources of error that arise in 
such investigations, can only warn practical men to beware of 
such a statement. 

Every disease in wood reduces its strength considerably. 

No list of woods ranged in the order of their elasticity can 
be drawn up without a suspicion of prejudice, especially with 
regard to the method adopted for testing them, and also 
because individual trees of the same species vary greatly in 
strength, even when taken from the same croir. Boil, climate, 
the method of rearing trees, etc., also cause great differences 
in strength. Bometinies oakwood, sometimes ashwood, is 
chosen as the strongest and most elastic material. Actual 
tests have placed conifers above broadleaved trees in strength. 
Scots pinewood that is so brittle when exposed to snow has 
been jdaced first among elastic woods. Tests have shown 
that beechwood possesses considerable strength, while in 
practice, beech, birch and alder are reckoned as woods with 
the least transverse strength, but with considerable resistance 
to crushing. There is no doubt that certain foreign woods are 
more elastic than our indigenous woods, c.//., hickory {Ukoiia 
alba)f teak, sundri {Ileriticra), lancewood {Uiujiutiu) and 
bamboos. 

4. Toiujhims or Vliahility, 

A wood is said to be tough or pliable when it can be bent 
beyond the limits of })erfect elasticity and is then susceptible 
of permanent deformation without breaking. The greater the 
Interval between its limits of elasticity and rupture the 



laugher is the wood, and touglincBS has already been talc® 
'into account in tlie discussion regarding tlie strengtli of 
wood. In practice an unpliable wood is termed brittle. 
Pliability in wood from one species of ti’ee or part of a tregB' 
deiwjiids cliieliy on specific weight; heavy wood is less 
pliable than light wood. Tlie branches are less pliable than 
Ifce stem, and the stem than the roots ; the finer rootlets are 
used as willies. The rhizomorphs of the honey-fungus 
{Armillami rndhu) are more pliable than the finest rootlets 
of trees. Soft broadleaved wood is generally iiioi'e jiliable than 
hardwoods, but on the otl»er hand the wood of Uirovia alba is 
much more idiable than the lighter, brittle wood of JI. amara, 

Eapidity of growth favours })liability, and coppice-shoots, 
such as osier-willows and shoots of oak, birch, ash, elm and 
hazel tire very pliable. 

As lignin in woody tissues specially determines liardness 
and strength, so cellulose conrer.s on wood toughness tiiid 
pliability. The less the illumimition under which the tree 
has been grown, the more pliable it is. Tlie very pliable 
coppice-shoots are nourished cliielly by leservo material from 
the stools and roots jind get very little nourishment from 
light. The produce of thinnings is tough and pliable, hut 
not BO hard and elastic as well-lignilied stems grown under 
complete illumination. [Wgods grown on northern aspects 
are more pliable than the harder and moj’e lignilied woods 
grown on southern and western sloiies, and the same is true 
for woods grown on moist soil, as compared with di*y calcareous 
soil, or peat, which produce brittle wood. — Tr. ] 

Moisture iucreases the pliability of all woods. Hence in 
freshly felled trees, the sapwood is tougher than the heart- 
; wood ; hardwoods when wet ai*e tougher than when they are 
dry, hut the loosening of the walls of their tissues by the 
/water preponderates over the resulting toughness (r/'. p, 87 ), 

Heat also increases pliability if precautions are taken to pre- 
vent evaporation ; heat and moisture acting together render wood 
extremely pliable, so that steamed rods and planks can be bent 
just as if they were formed of homogeneous material,’^ as in 

V, * Exiicr, “Das Uiegen ties Dolzes.” Zeiilralblatt f. d. ges. Forstwe»ea,| 
>1S76. 
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steaming wood for chairs, banisters, curved plaujcs used in . 
carriages, ships and barges, musical instruments, etc. Frozen 
wood is hard and brittle. 

When resin (semi-liquid turpentine) replaces water in wood, 
pliability is diminished, wood charged with rosin or colophany 
(oxidised turpentine) becomes harder, the longer the rosin has 
been in its tissues. 

The colouring-matter in heartwood diminishes the pliability 
of wood. 

The following list shows that pliability depemls greiitly on 
species, but in practice there is miieb dillerencc of oj)inion on 
this subject. 

8i’K(’u:s akran(;i:i> Am»UDiN(; to thkih Pliaiulii y. 

l*t, il. [ OUu'i 

i Tlickorr. 

i Ash/ 

i Kim. 

! Homlioam. 

I.iirch. 

I Scot-, piiif' .111(1 Si»nico. 

! Oak. 


Buvli. 

A,sh. 

WilUms. 

Coik Elm. 

Hickory. 

.S|K*CI< s of Pi I 

(.'opjiux'-.slKMits of various Idoivllcavi cl true-. 
Su|*|ircs.'>(Hl Spriu'u. 

W.bsu-;.r,mtnC 
Kobiiiia ) 


5. iJKruhilitff, 

Durability is a measure of the tiim* during which wood 
remains sound. In using and storing wood it appears that 
the durability of any species of wood varies remarkably. For 
instance, beechwood, when made into furnituie that remains 
inside our houses, imiy last for centuries, but the same wood, 
when exposed to moisture from the soil, rots in from three to 
five years, while under water it can be kept sound for decades. 
As a rule we understand by the term durability a measure 
of the duration of wood that is used more or less in contact 
with the ground, as for posts or railway-sleepers. 

The various forms of decay in wood are, as follows : 

Greyness.— Wood that is not exposed to ground-moisture 
but to atmospheric influences and precipitations, variations of 
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temperature, insolation, etc,, turns grey. The pale tints of .) 
freshl}^ utilised wood, as in fences, become darker when its , ■ 
tannin is oxidised, and tlioiigh this may increase its durability 
temporarily, the wood becomes j^radually grey owing to the slow 
decomposition of its external layers. The lignin is dissolved 
first, leaving a siilistance that is riclier in cellulose. The 
exposed cells are gnawed by various B]»ecies of wasps in order 
to obtain wood-pul]) for their nests. 

Softwoods turn grey earlier than hardwoods, and spring- 
wood is attacked before summer- wood, bard knots and resinous 
parts of the wood oflering most resistance. Local climate 
affects this decomposition greatly, for in maritime and 
mountain climates w'ood (c.//., shingles on roofs and walls of 
buildings) becomes grey much sooner than in dry continental 
countries. Thus, in North America, Weymouth piiie shingles 
last for a])out years near the Atlantic coast, but for ten 
years and more in ilu' Prairies. Planed ])lanksi*esist greyness 
longer than jdanks that ai*e merely sawn. 

Humification, or eremacausis, affects wood wlien it is 
exposed constantly to atmospheric luimidity and obtains 
insuflicient sui)plies of oxygen. Wood buried in the ground, 
or in mines, shafts, shii)-cabins, cellars, inside hollow trees, 
etc., is exposed cbietly t.o ibis form of decay, vliich, besides 
being due to chemical decomposition , is also assisted by 
fungi ; the final product is damp, powdery, brown mould, lu 
such i)laces, according to l\Iayr, fungi appear whenever the 
relative humidity of (he air attains 70 per cent. ; when the 
air is bvss moist and fungi are a])sont the wood decomposes 
more slowly. 

Bottennoss is the decomposition of wood by the agency of 
fungi, when the wood being supplied fully with atmospheric 
oxygen is exposed also from time to tinu' to humidity. All 
wood in contact with the ground is in this condition, ^ 
e,p,, floors, posts, or railway-sleope'rs. The eventual product 
is a rotten, moist, pale or dark brown substance, with a 
fracture partly fibrous and partly crumbling, and is scented 
like humus or fungi. Wherever the variations of moisture 
are greatest, as just above, at, or just below, the surface of 
the ground, rotting is most rapid and continuous. Stakes. 
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poles and posts in the ground break eventually at their, 
point of contact with it. 

The surface of wood exposed to iiowing wattu- becomes 
slimy, owing to the action of bacteria, ospocially T.cptothnx, 
but wood in this condition is vm-y durable. 

Mechanical attrition by natural ageiu*i(‘.s occurs in rapid 
watercourses, such as mountain- torrents carrying sand 
and gravel, the continual impacts of which on wood wear 
away its surface. A similar action takes place near the sea- 
shore, when the wind blows grains of sand against the wood, 
as near sand-dunes. Planks and beams tliat are exposed to 
the sand resist it best at their hard knots, which eventually 
protrude beyond the rest of the wood in polished conical 
projections. 

Wood is converted into peat, or becomes carbonised, after 
lying for long periods of time in wet p(‘at. It nduiins its 
structure, but is converted gradually into soft peat or 
eventually into lignite, but sometimes may bo utilised as 
bog-oak, etc., hardening considerably after it has been 
removed from the bog and lias been dried. Wood from 
forests that have been subnuu’ged by the sea resembles bog- 
wood, In Japan whole forests have been d(^stl•oyed by 
volcanic eruptions and liuried in aslu's or lava. This wood 
is at first of a silver-grey colour (indai-w’ood of the Japauese), 
but later becomes brown and loses its structure, forming a 
homogeneous mass like jet (Uinoregi). 

It is obvious that in many modes of utilisation of wood a 
piece of wood may be exposed to tw'o or even three kinds of 
decay. Thus, liridgc-posts are subject to grey decay above 
W'ater-level and to attrition below it, w hile a gate-post becomes 
grey above ground, rotten near the surface of tlu*, ground, and 
humified at its lower end. 

Usually a wood is held to be more durable the longer it 
resists rottenness and humification ; this is natural durability, 
as opposed to artificial durability, due to impregnation with 
antiseptic substances. 

The natural durability of the wood of any species of tree 
depends in the first place on its position in the tree ; heart- 
wood is always more durable than sapwood, even heartwood 
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without distinct colour, as in spruce, silver-fir, or birch; 
for heartwood contains no easily decomposable albuminous 
constituents, and is always drier than sapwood. 

The presence of colouring-matter in heaidwood, however, 
increases durability greatly ; woods with coloured heart- 
wood {ire always more durable than woods with heartwood 
and sapwood of a uniform colour. Mayr also states that the 
more intense the colour of the heartwood the more durable 
it is. The iinperfijct heartwood, or internal sapwood, of oaks, 
that occurs occasionally in annular zones in the midst of 
perfi'ci hetirtwood, chanicterised by the {ibsencc of thylosis 
and tannin and the ])resence of starch {ind so faintly coloured 
that it rest'inbles ssipwood, is no more durable than is nonuiil 
sapwood (<;/*. ]). 112). 

In the follo^^ing tabular form, woods are grouj)od according 
to the colours of their heartwood : — 


OK n KAkTW<H)l). 


lUllrk, JtlOttli. 

.iHinih. 
Klin I. 

I Vdrolii. 


Uiowii, Jk-il, I 

^ \ » lluwisli ( licfii. ' 

iMaciiolia. ! 

!T<'ak.- Ti.J I 

lUtlania. 

Oak. * 

! S\N<rl fli(‘''Oiu(. — Tr. ] ' 


Vew. 

1‘im‘s. incUulinji Weymouth , 

Many tropical 

pine. 

wooils, Tr. 1 

(’hama‘e\ pai is obtu.sa. 

Iktsewtiud, 

pisifora. 1 

fatal pa. 

(ii.int thuya. 

IMulberrv. 

Hemlock ^pl•uee. 

Polled -eeilai. 

Toney a. 

Swanip-eypiesh. | 

' Sallow, led ami faiily haid. 

Sciiuoia seniper- 

and durable. — Tr. ' 

VI lens. 

Elm. 

Larch. 

(.All durable.) 

Ikiuj^las tir, 

(All very ilurablo, ) 


I.ulil l!r.lili>,h 

Oifj, aiovMi. 

AnIi 

.Maple. 

lame. 

Spi nee. 

Silvei-lir, 

Jlonibeam. 

[Holly, wliiU' ami faii’l}' 
durable. — Tr.J 
Alder (red heartwood). 

Lawson's eypro^. 
Oiqire^sus sc‘mj)ervnens. 

(All, but bolh tiial ihotwo 
last, not durable : the 
two cypresses are very 
durable A 


The exceptions in this list to Mayr's law about the corre- 
spondence of high colour and durability are the two cvpKoof^eg^ 
holly and alder. The heartwood of all cy pi esses contains 
ethereal oil and is very durable.;, in alder-wood, though 
the heartwood is of a liigj^olour, this is due to an oxidised 
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product from a colourless chroiuo^en. [Deodar- wood is also 
pale yellowish-browii but extremely durable. — Tr.] 

Tbo colouriug-mattta* in beartwood is derived from laiiniu ; 
as the water disajjpoars from tbe tissues and oxyj^uMi is 
admitted, it ds formed by oxidation in ibe border /one 
separating sapwood from beartwood. This re(piiros complete 
illumination of tbe tree’s foliage ; tlie colour is deepest in iho 
beartwood of branebes, it is paler in tbe stem-wood and pah^st 
in tbe roots, Tbe colour of tbe beartwood is also deepei* in 
tbo wood of trees that have grown in full sunlight than in 
tbose grown in a crowded crop or under tlio shade of otlu'r 
trees ; tberefore the w’ood of trees exposed to full light is 
more durable than that of trees grown in restriett'd light. 
Tbe influence of thinnings and of setting trees free from 
their neigbl)ours and retaining standards over underwood 
on tbe increased colour and durability of tludr wood is 
tberefore evident. 

Tbe deepest colours iind tbe greatest durability occur in 
the beartwof)d of certain tropical trees: in cooler climatic 
zones the colours are less deep and tbe w’oods less durable. 
In tbe coolest (dimato, indeed, perishable sprucewood and 
V(!ry durable larcbw'ood ar(‘ produced, but as a gimeral rule 
it may be predicate<l for broadleaved trees within their native 
habitat, that great heat implies durability. 

Turpentine becomes oxidised into rosin, which possesses 
extraordinary durability: tbe more giadual is this process, 
the greater tbe (piantity of Ibpiid and volatile oil that is (*, on- 
verted into rosin; such a transformation is secunid by Keei)ing 
coniferous w’ood as long as possible in the form of logs or balks. 
The effects of rosin on the durability of wood are md, bf)W- 
eveu', sufficient for it to replace other factors, c.//., colouring- 
matter, AVe3mK)utb pine contains more turpentine than any 
EurojKsan conifer exca^pt maritime pine, yet its wood is not 
nearly so durable as that of larch, wdiich contains little turpen- 
tine, but much colouring-matter. Tbe greater durability of 
sprucewood than the wood of silver-rir is, bow^ever, due to its 
being tbe more resinous of the two. 

Wet wood is always less durable than dry wood, for wet 
wood in tbe form of logs or balks requires two or three years 
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to become air-cli\v, and during this interval there is always 
danger of infection })y fungi, which do not attack dry wood. 
When wood has been floated or rafted, part of its soluble 
contents, albumen, sugar, gums, etc., have been removed, but 
it is so saturated with water that the danger of infection by 
fungi is increased. The nature of the soil in contact with 
which the wood is used, ejf,, sand, loam, or swampy ground, 
affects its durability. Also the locality, c.//., a shaded or 
sunny slopci, a damj) valley, a cool, windswept upland. [In 
all these cases it should he noted that in order to cause wa)od 
to decay three factors are necessary, heat, water and oxygen. 
The exclusion of one of these factors suffices to preserve 
the wood. In very ^\et soil oxygen is absent and wood lasts 
long. Tlie wood of mummy-cases is practically imperishable 
in Egypt, wIku'c water is the absent factor. At Silchester, 
in Berksliire, tlirco silver-fir casks were dug from a Homan 
well that had been filled with earth at the time of the Saxon 
invasion, presumahly about 1,400 years ago; this wood, 
naturally very i)erishahle, is still in excellent condition in the 
Heading Museum, as the clay that filled the well had excluded 
oxygen.— Tr.] 

The (pu'stion whether, in order to produce durable wood, 
fellings should be made in winter or summer is as old as the 
hills, and is leally insoluble, as it is impossible to exclude all 
disturbing factors and ex})eriment with one only. In any 
case the dilTeivnce in durability of the wood cut in summer 
or winter is confined to the sapwood. [In the Eorest of Dean 
the boles of oak-trees are stripped of bark in the spring and 
remain with their foliage transpiring moisture, and their 
.-^exposed wood evaporating it all the summer and autumn ; 
■' this renders ilie wood when felled in winter very dry, and 
must increase its durability. — Tr.] 

AH articles made of wood for biiman use are liable to wear- 
and-tear, especially fioors and street-paving. Hardness and 
high specific weight are the best qualities to ensure durability 
in such cases. As atmospheric influences also tend to destroy 
J street-pavement, hard, deep-coloured heartwood of any tree 
is the most suitable material, c.r/,, oak. larch, pitch-pine, etc. 
;For this reason Australian hardAVoods, such as Karri {Eiicalt/ptM 



DURABILITY. 


103 


ter^coJor) and Jarrali (E. marghiata)^ and Indian iron-wood, 
Xplid doldhrijonnifi (Vynpjado), are used in London. 

Woods wear away most rapidly when their radial or 
tangential sections are above; as, however, these sections 
exhibit the beautiful silver-grain of the wood, they are used 
for i)ar(inds, while in street-paving only the transverse sections 
are laid uppermost. 

The animals that reduce the durability of wood in 
buildings and furniture are chiolly insects, which construct 
passages in wood for laying their eggs and for tiie development 
of their young broods. Their presence may be detected by 
the occurrence of little holes in the wood and the exudation 
of boring-powder. Among the worst enemies of wood are 
little beetles and their larvje, such as Anob'uim 
md A. pcriiudx (the duiith - watch ) ; Toiiiichh linrdtUH ^also in 
living trees) ; Dermcaks, cliieily in broadleaved wood ; Limcj-i/lon 
narah', in oak-wood in dockyards. Species of TctrojdUin and 
Sire.r bore into larch and other conifers. In the tropics, and 
even in Southern Europe, white ants {Tcrntifi s) are e.xtreiiiely 
destructive to w'ood, sparing only very few siiecies. 

[]’.iiml)Ouh aie seiy MibicoJ lo In- womu'aton, cs|>c(Mally Oic yoailiiiK onlms. 
wliic-li au' \i'i> aiiU Onls to whicb are 

thovoii^lilN sliMiiI.l h.‘ us(*<l {i> iuIkmk iUKl ih'No only aftn scvt-itil 

inoiitliV M.akuig m ;i tank. oi altc*r hem;; lloaLn-l !on- diMaiift's in lat'N on a 
liver. Tin- natives of India l>eUe^.• that Immboo-. lolled duiiti-^ Iniolii tnoon* 
lij^lit nij^dils l»ecoino wornicaten luuoh more le.idily tlavn those lolled ilium;: 
the dark liiilf of the month when the moon d<»es not shine at ni;:hi .Vti 
experiment was made hy the Irannlator at Dehra Dun in IHSi; tod.teiiumi 
tins, and m<> bamboos weie <mt duriii;,' (be bii;,di( imMUili^'lit and IdU eul 
duiin.-r the ilaik pait of the mouth, and the former wcie mueli more woimeater 
than The latti'r. It i^ probable that eeifain insects, the lar\ie of whieli at tael, 
bamb<K,,s, lly only duim- tiu »'M;:bt moonlight night., when they lay eggs u 
the l.)amb(x>s. 

Further mvedigaiioii. on llii^ .ubjeet weic made in Madras in IM'.th am 
vuai-s, aii.l llicso an- .Wr.lx-.l by K. J’. Sl.-t,binK in ibe 
' /V/Y'-v/ex, November, IDUb. Tlie m^eefs in <iiiestion aiv said lo lie Dttindrrti. 
pH}/rofi.s and U. mniufns. The experiments weie not eondneted scientifically 
ami Stebbing suggests fmther experiment', lo decide tins <piestion 
E. it. W'oakes. in a jiaper read Ix-fore the American Instiiiite of .\Iinin{ 
‘ Engineers and printed in the Trojural AgrivultHralUt for Oeloli^ i, state 
that in the Uepublh’ of Columbia, in South Ameiiea, '• not only bamboo^., but ai 
timbers, are felled during the waning m<Kjn.” 

Whenever jioles containing only sapwouil, or banibx)s. me Uaed for ratters 
evidently they should be drietl thoiuughly : when e.xposed to snioke. as the; 
StK* in the roofs of Indian huts, this prevents further tlanger from im.ectH. 
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The wliolesale <lestraetion of mo.st woods in liot countries by termites, or 
white ants, is well known, and the number of woody species in India which 
resist their attacks is very hinit(.*il. Even tleodar wood, in spite of the oil 
with whicli it is wUnraled. is sometimes attacked by tliem, iin<l the sapwooti 
of every wood is eaten away \< iy rajndly. The heart wood of sal {^Shorea 
rohn.sfti'), t(*fdv, tun {fh/rrfu yh/o/#/), ebony, sissu {l)albrriii<i Simto) and some 
other liaid woods n-sist their attacks, but in tlie case of buiJdin^-timWr it is 
always best to sat unde il with //w/;y///<-oil, extructe<l from Diplrrorarpm 



FiL'. FU, — Th(‘ Teredo. (.After llopp* ). 

Fn;^dneers in India should be eaiefnl to eri'et only solid masoniy* 
walls, and not leave cmw ices in tliem up which the while ants may ascend to 
the roof of a budding; also they may mix ar.senic with their mortar with 
advantage. 

It has often been suggested that softei woods if injeetisl with croo.sole, 
sulphate ol non or /me. or eorro.sixe siiblimati* (bichloride of mereuiy), would 
he ftmnd to resist the attacks of white ants, hut no .serious atlem)>ts have as 
yet been inadi- in India to utilise injceted woixl. Termites occur everywliere 
in India, to altitude.? of about 4.0oi> feet uljove sea- level. 



Fig. 11, Ikn mgs <»f the Toledo. (After Hopjie). 

Tn order to juvseiwe museum w«x»d-speeimens from insects, it is Ix'st to dip 
them in a solution of one part of corrosive suhlimate to twenty parts of water. 

Ethereal oils in woods, especmlly in those that are strongly scentixl, protect 
them from insect -attacks-, though the pmsenee of resin is not alw.ays a 
pi'otoct ion. 

Wood immersed in fresh-water is very durable, even beeehwixxl lasting for 
centuries. In the year 18r>8. twelve oak piles of the Roman bridge near Aargan 
came to the .surface, and the wood was hard enough to lx* made into toys. 

Wood used in sea-water at shipping ports and stones of wood kept under 
water at these nlaces, are subject to the attacks of certain animals. Some 
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small cruBtaceam, TAmmma tnrhrttn^, Loach. aiul ('Ih'lnva riiili)i)»i. 

bore mto and gnaw tlu* sutfao<‘ of all w«H>ds in M-i-waici- 'liu; ruollusk, 
Tfirtio wtraliK.] L. Xi and 111), and other ^|hvics of Teredo, are hnui vci 

the most de^tniclivc jicvt-. of snith Kniopcan sca|u.rts. Icnilo-, iiifched 
wood in the lv»cene peiiod (London ('la\) 

Teredo^ live only in sea-waler and hoic not oni^ (he Mjnvood. Imt ako llie 
heart wood of all kinds of timber, e.xecpl the danah + ii\ mm ijniHfii], 

Shijis. the bottom of \Nhich are uoL covered with imppei, sntlei gie.itly from 
tcrctlos. Wooden pilc^ nscd in harbonis, e(<‘., may he pvoieeU‘d hy lieing 

ercosoted, but this is serviceable only when the wo<h1 is thoiougldy satnraied 

with creosote ; as coniferous wood nnhibes <‘reo.sote belter lliati oakwooil, wlien 
cieosotcd it IS better than oaUwood for use in dams and other hailmui-woiks, 
Attera[)ts have been made to protect |>iles in sea-water by sinddmg tln*m with 
hroad-headed iiads. but the little teredos tore<- their way into the woo.l between 
the heads of the nails. In the years 1827 ami is.V.*. when the raiidall was very 
slight and the Lutch canals near tlie sea <’onsl became veiy salt, it was found 
that all the piles siippoiting the dams along the nuteh coast were bored liv 
teredos. A Commission was appointed in Holland, in to empiiie into the 
causes and possible rome<lies of tins dainaee, ami from its n'poii, wiitleii fiy 
V. Ihiutuhauer and (pioted in Katy.eburg’s ForstiiistHt'iiliHuiSt' (by -liideirli and 
Nitsohe, 188h), the above leinarks have been taken. II is ab'i staled by 
Nampiette, S that when timber is stonal in sea-ports for slnp-binliliii}.; and 
harbour-woiks, it should be kept either in hanks of mnd, (»!• in t.vnks in winch 
suUleieiit fresh-water is mixed wntli sca-waler, so as to render it less saline than 
is iieecssarv for tlie life of the teredos. — Tr. | 

KuiiiBrous fungi, cliieliy of IlasidioiiiyceieH, dtksti’oy wood. 
This is principally because wood that luis been ttlntaily 
attacked Ity fun^d, in the forest, is brought to tint iniirket in 
a moist condition, or because air-dry wotul is ustnl in moist 
places. Idle number of species of dt'structive fungi that 
attack converted Mood is miieb greater tluin those described 
in liooks. Should one be obliged to live in a humid climate 
or in damp houses not only the most destructive of house- 
fungi, dry-rot larrimana) ap[>ears, but tilso numerous 

sjtecies of I'niinrli'a and <'oj)riims apjxitir, wliicU 

gradually destroy all llu; M’oodwork in Ji lioustn Most of tliese 
fungi attsick first the sapwood of convertod timbfa’ and then 
the heartwood ; some {Trainrlrs) live in tlie heartwood only. 
Some fungi cause white rot, othews red rot, the wood in ]»otli 
cases becoming eventually a soft, crumbling, structureless 
mass. 11. llartig has described the fungi destructive to Mood 

* Vide llatzeburg's “ Forstinseetenkimde,” by Juileieh uiid NiUelu', 
p. :«7 ft. 

t Vide Eneyel(»pjedia Hril.” 1888, vol. xxiii. p. 184. 

I “ Laslett," op. ('it. p. r». 

^ E.xploitatiou dej» Uois,” IStJS. 
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in liis classical works referred to below/ Begarding “ dry ^ 
roi ” Gopperi and Hartig have published treatises. 1 

[The Inteniaiioiial Association for Testing Materials, Decem- 
ber, 1898, formulated two questions regarding dry rot 

1. Can infection of wood by Mernliiis lacrimans be recog- 
nised before it is used 

2. What are the best methods of preserving the wood ? 

The former (piestiou has not yet been answered. For the 

second thoi’ough drying and painting the wood with antiseptics 
suffices. Creosote is the best antiseptic, but is intlammable. 
Vidr Henry, Bev. das E et F, page (35, 1901, and September 1, 
1902. In order to test the comparative durability of certain 
woods Hartig placed heartwood ))eams 10 C. in diameter, of 
the following species in the ground. The years given in the 
statement below denote the period in which the wood was 
completely rotten. 


Ti VCi'iis 

10 Veais. 

1 1 tt'iirs 

Norway uiajilc, 
Beech. 

Silver-lir. 

Oaks. 

Spruce. 

Elms. 

liime. 

Coiunum uiaple. 

Syeamojv. 

Jtireli, ! 

, Idane. 

I’ophij's. 


W^wmoufli pine. 

HoiM'-elK^riHit. 


(Buich, robinui, and Scots pme 

Ivowan. 

i 

ohl) weic then quite iiita 


In the damp, w^arm air of mines, some experiments made 
at Commentry gave the following results for pit-props, the 
species being arranged in their order of durability! : — 


1. Oaks, 

2. Scots pine. 

9. Alder. 

4. Ash. 

5. Maritime pine. 


1). Bobinia. 

7. Willow'. 

8. Maples. 

9. Elm. 

10. Aspen. 


11. Cherry. 

12. Birch. 

13. Hornbeam. 

14. Beech. 

15. Poplar. 


- * l\. “nie Zersietzuiij'hciM'lK'immjjt'u ties Hol/es ilor Nadelholzbaiiine 

u. rter Eiche.’’ Berlin, 187S. “Lehibuch der Bauinkraiikheiten," It Aufl. 
Berlin, ISSD, See “ Sdilich’s Manual of Forestry,’' vol. lii. Forest l^ro-, 
tection,” by W, B, Fisher, 2nd ed., ISOtt. 

f Gbppert, “ Der Hansschwainm.” Breslau, 1880. K. Hartig, - Der Hans- 
scbwamui.” Berlin, 1885. 
y' I These data are given by Muthey, ttjK rit. 
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As fungi do not occur below one or two feet from the surface 
E the ground, and bacteria that assist greatly in destroying 
■ood in contact with the soil are found only in its superlicial 
lyers and not in peat, deep immersion in the soil, or in peat, 
ireserves wood, as liasjaeen stated already.— Tr.] 


6. lldilmj-iMita' ami ('ambitslihiUlii af 

There are various methods for determining the heating- 
jower of wood. As burning wood takes oxygon from the air 
ind gives out carbon-dioxide and water -vapour, the mass 
)t oxygen recpiisite to burn a given mass of wood can he 
neasurod : the more oxygen is needed for the combustion of 
;be wood, the more carbon the wood contains and consequently 
the greater is its heating-power. The amount of oxygen may 
be determined by burning the wood in a closed reton with a 
metallic oxide (red lead). This chemical method does not 
give the utilizable heating-power of the wood hut only the 
percentage of carbon it contains; the variations in the mass 
of carhoii in wood when measured by weight are small, 
though if measured in volume, the results exhibit a steady 
relation helweeu the heating-power and siiecilic weight ot 
wood. The average volumes of carbon, hydrogen, oxygen and 
nitrogen in wood and other combustibles are gii en below 

('. II. 

Wood ... 50 C 

Peat ... 59 0 

Lignite ... 08 0 

Coal ... 80 5 

Anthracite... 95 2 

In physical methods for deterniiiiiiig heating-power, the 
wood is burned with free admission ot unlimited oxygen ; 
the mass of ice that is melted, or the quantity of water 
: that is converted into steam, by burning equal volumes of 
/different kinds of wood, is then ascertained. Also the rise in 
, temperature of a certain volume of water by the burning o 
? Ihe wood may be measilred. 

fe • Fritz, ‘‘Die Heizmaterialcn u. dcrcu Ausnutzimg.” 1S77. Kudiiscliraid 
^^^JBveuuwert venjchaetlenci llolzarleii.” IH’JO. 


0. 

N. 
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In the last method the amount of heat necessary to raise i ; 
unit of water 1" C. is termed a calorie. The heating-power o{ 
air-dry wood is given as equivalent to 3,620 calories, charcoal 
at 8,080 calories. Hence one kilogram of wood or charcoal 
will raise the temperature of 3,620 or 8,080 litres of water 
by PC. 

The latest results by Bersch * are as follows : — 

Heat ’Units. 


Charcoal 7,000 

Half -char red (red) ditto 3,980 

Absolutely dry wood 3,600 

Wood containing 20 per cent, of water ... 2,800 

Limewood ,, ,, „ ... 2,700 

Maple „ „ „ ... 3,600 

Poplar „ „ „ ... 3,500 

llecch „ ,, ... 3,500 

Spruce „ „ M ... 3,250 

Ash „ >? ... 3,200 

Hornbeam „ „ ... 3,100 

Oak „ „ „ ... 2,700 


The beating-effect reckoned in calories, depending on 
weight, shows that there is little difference in the heating- 
power of the different woods. But as in commerce wood is 
dealt with by volume and not by weight, only statements 
giving the heating-effect accoixling to the volume of wood 
consumed, that is termed the specific-heat effect, are of 
practical importance. 

The following tabular statement gives the specific-heat effects 
of wood as comiHired with that of pui e carbon (100) : — 


ScKCi FU’’!iK.\T Effects. 


SlM'f'iDS of Wootl. 

Spccilic iiir-«lry Weight 

Si)i‘<‘ilic-heat eftect. 

Hornbeam 

80 

28 

Oak 

7<; 

2(1 

Anh aiul beech 

74 aiul 72 

24 

Maple 

70 

23 

Birch 

(10 

23 

20 

Scots pine... 

r»2 

47 and 4(1 i 

Silver-fir and spruce 

10 

♦ Bersch, “ Die Verwertuiig des Holzes anf chemischeii Weg.” Wien, 1S93. 
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Specific-hbjlt Effects- -confhvfl 


species of Wood. 

Specilic air-dry 

Sppcitu'-heat, ofli'cl. 

Lime 

52 

IS 

Poplar 

15 

u 

Peat 


55 

Lignite 

i 

77 

Charcoal 

1 

in; 

Carbon 


Kill 


The third or economic method for deiermininj; lioatiug- 
power resembles that in whicli Avood is burned in the ordinary 
manner. 

Equal volumes of different woods are burned in a stove or 
furnace, the heat of which is shown by means of a thermo- 
meter, or by a steam-engine the steam from which is measured 
by a manometer. This method shows that in order to burn 
wood in our ordinary stoves, so much air is required to keep 
up the burning, that half the heating-effect is lost by the 
draught up the chimney. 

The scale given above shows that specific weight is the 
chief factor in heating-power, so that the heaviest wood in a 
tree, or of different species of trees, gives the greatest heat. 
Only in the case of woods of nearly the same specific weights 
do other factors intervene. The measures detailed on page 58 
to produce heavy wood also ensure good heating-power, as 
specific weight and heating-power correspond. 

As lignin is richer in carbon than cellulose, every factor 
that increases the lignin in wood also increases its heating- 
power {rf. p. 79). 

The water contained in wood, as in sapwood, may attain 
50 per cent, of the weight of the wood; then 45 per cent, 
of the heating-power is used to drive off the water as steam 
and only a small percentage remains for heating the stove. 

As regards fioated and rafted wood the same considerations 
apply that have lueen already described (p. 102). They are 
especially liable to be attacked by fungi, chiefly species of 
Cortkiunu A special investigation of the fungi that attack 
floated wood is desirable. 

. Nothing reduces the heating-power of wood more than the 
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growtn of fungi, which destroy the cell-contents antf the 
of the woody tissues. Decaying wood has little heating-powe^v 
while rotten wood merely glows without any flame. ^ j 

Ethereal oils rich in carbon, such as turpentine, increase 
the heating-power of wood. In the case of pieces of wood that 
have nearly equal specific weights, their possible contents in 
resin is decisive as to their greater or less heating-power. 
The excellent book by Hempel and Wilhelm* gives the 
following heating-powers for conifers, that of beech being 
100, and confirms this statement for spruce and silver-fir 


Hpccit's. 

(,'onl«iits in (iraiiiH of 
llMin iicr kilogtttint' of 
Wood (.Mttji) I 

Hitcfillc Wtif'lit. lIeatiii}j:-Power, 

Austrian pine 



r.7 80 

Lareh 

;i2 

(•>() 82 

Scots ]iine 


;.2 77 

Spruce 

n;-oi 

47 76 

Silver-lir 


10 07 

WcymoiUli iiuit* ... 

i 

•IS*7!> 

40 no 


Abnormal contents of resin, as at wounds and in the stump- 
wood of i)ineH, increases the heating-power. Such wood is 
used for torches. [Stump-wood of the longleaved pine, in 
the Himalayas, also used for torches, is sometimes resinous 
enough to be translucent. — Tr.] 

Botulin increases the heating-power of the wood and bark 
of the birch. When birch is cut into small pieces it gives 
out heat rapidly, but the heat is not durable. Split birchwood 
is much used by bakers. 

In utilizing the heat from wood there is much difference 
in the various species. Woods which crackle and emit sparks 
when burning, and most soft woods, rapidly develop an intense 
heat of short duration. Such are larch, spruce, silver-fir, 
peeled coppice oak, sweet-chestnut [also young pinewood 
and broadleaved softwoods ; these woods are used in bakers* 
ovens and for pottery and glass-making.-— Tr.] Woods which 
burn slowly and quietly with glowing embers produce eventu- 


• G. Hempel u. R. Wilhelm, “ Die Raiime u. HtraUcher ties W’^aldes.’^ Wien, 
1900. 

1 “ Das Harz der Natleilihlzer.” Berlin, 1S94, 



klly the greateS^eat, and are favourite woods for heating 
louses. Such are the woods of beech and hornbeam, oUve- 
vood, also that of evergreen oak. Finally, woods rich in 
resin, such as torchwood and older pinewood of all species, 
3urn with long flames, but do not consume their carbon 
completely, and give out much smoke and soot. Such wood 
is excellent for steam-engines. 

Silver-fir twigs and needles are so rich in turpentine that 
they will burn when freshly cut. Larchwood is a bad 
combustible. Julius Ciesar calls it ifiui impcndrahikr 


7 . Aptitude of Woodff for heinp Worked, 
a. Ihj Iniplements. 

The i-oactioii of wood to cutting implements, bucIi as the 
chisel, axe and plane, depend on the direction in which the 
force is used, and cutting is most difficult, perpendicular to 
its fibres, while cutting becomes easier the nearer the direction 
of the force is to their direction, because their splitting assists 
cutlin.^ Hence with the axe it is easiest to cut oblupiely. 
In the" case of softwood the fibres bend before the axe, and 
heavy axes are required, which have mere momentum and 
penetration than light axes. For hardwoods lighter axes are 
usual, as the fibres do not bend before the axe. 

The knife hardl.y deserves mention as a forest tool, but, 
when used with the hand, its action unites that of the axe 
and saw more than that of any other tool ; it affords, there- 
fore, a suitable test for classifying the degrees of hardness oJ 

woods approximately. , 

Niirdlinger, from average results obtained with differen 
' tools, gives the following classification of woods according t( 
. their hardness 

Hard as bone: Barberry, box, privet, lilac. 

Very hard : Common dogwood (Cor mis saiufuinca, L), 3 e ov 
dogwood (C. Mas, L.), whitehorn, blackthorn. 

Hard: Kobinia, field-maple, sycamore, hornbeam, wK 
cherry, service-tree, buckthorn, elder, yew, pedunculate oak 

inahogany. , . 

■■ Itoly hard: Ash, holly, mulberry, mountain - pine 
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jplane, quince, Turkey-oak, elm, beech, OTfiile oak, sweet' 
chestnut. : 

Soft : Spruce, silver-fir, horse-chestnut, black alder, white 
alder, birch, hazel, juniper, larch, black pine, Scots pine, bird- 
cherry, sallow. 

Very soft: Paulownia, Weymouth-pinc, poplars, aspen, 
most willow^s, lime. 

[Groat attention is paid in Franco to the cultivation of oak, 
and Matboy’s remarks on the difierent qualities of oakwood 
as grown as standards over coppice or in high forest are very 
appropriate here. The French distinguish bois-maigre from 
hois-gras. The former contains a large percentage of summer- 
wood in the annual zones, and is hard and horny, the wood, ' 
chiefly of pedunculate oak grown as standards, is dense, hard, 
and elastic, though subject to warp and crack. Such wood 
is particularly suitable for constructing buildings, ships or 
barges. Sawn oakwood of this quality when once seasoned 
is unrivalled for durability and beauty. 

The softer hois-^^ras has less summer-wood, so that the 
percentage of porous si)ring-wood is often equal or superior 
to that of the liarder summer-wood. Such wood splits and 
breaks easily. Sessile oaks grown on rocky ground in dense 
high forest yield soft w^ood. Such wood is not strong, but is 
easy to work and yields excellent w'ood when split or sawn, 
especially when the silver-grain is exposed, it is suitable 
chiefly for indoor usage. 

Mathey remarks that calcareous soils, which produce soft 
oak timber, usually yield the best beech, in wdiich whiteness 
and fineness of grain are the chief factors of good quality. 
Ash yields its best and most elastic timber on moist quaternary 
alluvium, and its most brittle timber on dry oolitic soils. 
That produced at the junction between the oolitic and lias 
clay, where there are numerous springs, is of intermediate 
quality. The best ashwood is produced in Britain. 

In France, in the case of coniferous wood, altitudes below 
1,600 feet yield soft, rapidly grown w'ood, with annual zones 
of 15—20 mm. Above this altitude the annual zones gradually 
diminish to 8 — 6 mm., and the wood is hard, elastic and well 
!: lignified, with a large percentage of summer- wood. Near the 



limita of arborescent vegetation tiie wood has annual zones 
less than 3 mm, ; it is light and soft, but extremely regular 
•in growth, and yields timber that is best for carving or for 
musical instruments. — Tr.] 

It stands to reason that hardness is an obstacle to cutting, 
and as liardness has already been shown to depend on specilic 
weight, the scale of specilic weights (p. 61) affords a scale 
of hardness. 

Moisture in wood facilitates the work of cutting hardwoods, 
but in softwoods it renders it more difficult (cf, p. 48). 

Toughness heightens the labour, but softness assists it. 
The soft, imelastic wood of Weymouth-pine is easy and smootli 
to work; in this it surpasses all the other Ahidiucac. Only 
species of Chaniavci/paru have similar soft and unelastic wood, 
and therefore are esteemed highly by joiners and cabinet- 
makers abroad. 

Regularity in the structure of the annual zones, straight- 
ness of bole and vertical direction of the fibres are favour- 
able conditions for the easy working of wood ])y cutting 
iin[)lements. All knots, wavy or twisted libros, or burrs 
increase the lal)on^ of cutting and planing, often more than 
does the extent of surface of the wood, for tho chisel cuts 
irregularly into such wood, and the plane has constantly to 
be turned round while planing unevenly grained wood. 

The resistance wood offers to a saw differs considerably 
from that olffjred to cutting implements. The edges of the 
teeth are set in two parallel lines, each tooth with one or two 
cutting edges according to the nature of tho saw. Tlie teeth first 
scratch the lihres slightly, the second stroke i)cnetratiiig more 
deeply and tearing from its basis the wood loft between the 
; two scratches made by 4ihe first stroke. Sawing is easiest 
across the fibres of the wood, when the saw is applied first to 
a radial section ; it is more difficult when a tangential section 
is attacked, but most difficult of all in the direction of the 
fibres, as wlien planks are sawn out of a log. The teeth must 
. then cut, more or less, through the whole length of each fibre 
that it meets, instead of merely across the fibres (as with a 
r cross-cut. saw), and must also tear adjacent fibres apart. For 
:;;|iuch work, large teeth with a wide set are necessary. 


i 



In broadleaved wood the softer and longer the hbres an^ 
the looser the texlure of the wood, the greater the difficulty ! 
of sawing; the section then becomes rough and much saw-; 
dust is produced, indicating difficulty in the work. Sawing 
is easier for dense short-fibred wood, and smooth cuts with 
little sawdust result. It is therefore easier to saw hard 
broadleaved wood than soft broadleaved wood. Coniferous 
wood is the most easily sawn, on account of its simple 
anatomical structure and fine medullary rays. 

Moisture diminishes the hardness of wood, but increases 
the pliability of its fibres. In the case of hardwoods thu 
increase of pliability is not great, and for most conifers doei 
not appear to counterbalance the advantage of the softness 
, of the moist fibres. Hence, pine, larch and spruce woods 
! are more easily sawn green than dry; but in the case of 
certain soft-fibred, loosely textured woods, the pliability of 
the fibres counterbalances the advantage of moisture, as for 
instance in poplar, aspen, birch, willow, etc., the timber o 
which is generally easier to saw dry than green. 

If we take the resistance to the saw across the fibres offered 
by beechwood as 1, (layer s own experiments in the case o 
freshly felled wood give the following results ; 

! Uesislance to saw. 


Scots pine, silver-fir, spruci . • • ^ ^ 

Maple, larch, alder 

ID 1 . = 1*00 

o7\ 1 . =1-0B 

Sallow, aspen and birch , . • . = 1 30—1 40 

Lime, willow and poplar . . • .=18 

With augurs and other tools used for boring wood, whicl 
both split and cut, the work is easiest when commenced on j 
tangential section of the wood and therefore the hormg i 
radial. Boring from a tang(fntial section is more difficult, am 
from a transverse section mosit difficult. Screws act like augun 
Nalls are driven into woop most easily from the transvers 
section, but then hold badly/ It is difficult to drive nails mt 
^wbod that is coarse-grained'^ but as they then hold well an 
fthe wood has no tendency to split, such wood, e.p., elm-woo< 
^ Is often preferred for packin|g-caseB or boxes for tm-plat^, ^^ 


= 0-75- 
= 1-00 
= 1-03 
= 1*30- 
= 1*80 



h ApHiitde of Wooil for Imng Ground into Pulp, 

Wlien wood is to be ground into pulp for paper-making, etc., 
if its transverse section is placed against the rotating stone, 
the resulting triturated wood is like meal ; if the longitudinal 
surface be turned to the stone, the ground material is too 
coarse for paper-making. A suitable length of fibres for 
paper is produced when the pith of the wood is at an angle of 
45 to 50 degrees to the rotating stone. Softwoods are easier 
to grind than hardwoods, they yield more pliable fibres that 
are more easily felted than the fibres of hardW'Oods. The 
wood of poplars, lime-trees, spruce and silver-fir are specially 
suitable for wood -pul}). Resinous, brittle })iuowood is less 
suitable. Heavy hardwoods are useless for this })ur})ose. 
Any want of uniformity in the direction of the fibres, oi 
in hardness or colour, reduces the value of the wood. Wet 
wood yields long fibres ; unsound wood is useless. 

Aph'ludf' of Wood for beintf Polidted, 

^loderalely heavy and moderately hard woods arc the best 
for }>oltshing; it is more dillicult to make a smooth surface 
on very hard and soft woods. The radial and tangential 
sections are the easiest to polish. Woods with large raedullarj 
rays are polished less easily than those with fine rays. Large 
vessels evenly distributed that absorb much polish impl} 
wood that can be well polished, especially when the wn) 0 (' 
has a natural lustre. Mahogany, rosewood, satinwood, unc 
the woods of ash, walnut, olive, pear, box, almond, })i8tachi( 
and ma})le, i)olish well ; oak, mulberry and cherry and mosi 
other broadleaved woods are less suitable, while conifers (excep: 
yew and rootstock of CalUtris qimdriralnx*) that have n( 
vessels, can be polished only with difficulty and unsatisfactorily 

d, Wood-hleui'hinff 

In wood-bleaching + the tunnin, resin, etc. are removed froii 
wood by boiling it in a solution of potash or soda, and it is ther 

Mathey, who states that this N. African wood is very U*autifuh 
, t Mellraann, “Lehrhuch des Ueizcns, Bleiehens, I'olizierens u. liackierras tk 
Kfilter.*^ Ikflin, ISSS. 
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*blkched by calcium-chloride or by hydrogen-peroxide. Speciei| 
of wood that are poor in tannin and resin, such as soft broad*, 
leaved woods, are best for the puri)oso. It is more difficult to 
bleach tlie wood of conifers and oaks. Holly, hornbeam, and 
horse-chestnut are naturally the whitest of European woods. 

('. Wood-sfainifuj. 

All softwoods are more easily stained than are heartwoods, 
as the dye penetrates more deeply into their tissues. Woods 
with numerous small vessels are more suitable for staining 
than those with a few large vessels, while coniferous woods 
having no vessels are not so suitable. Woods with fine 
medullary rays are much preferred to those with large 
rays. Lime, pear, birch and maple are most suitable; then 
ash, oak, hornbeam and beech ; worst of all, conifers. 

/. l^yronritphy. 

Pyrography, or poker-work, is the art of burning designs 
into wood with a red-hot platinum stylus, the design having 
been })reviously drawn with a lead-pencil on the wood and its 
lines then followed with the stylus. Evengrained wood of 
Cembran pine, ])eech, lime, maple, and pale oakwood are used. 

If, SHtiabifify of Wood for (dwrcoahmakiny. 

Soft broadleaved and coniferous woods are charred more 
easily than hard and heavy woods. Branches are more 
difficult to char than stem-wood and the latter than root- 
wood; water in wood is an obstacle to charring. Unsound 
wood and wood cut into small pieces is charred easily. The 
loss of volume in charring heavy woods is about 45 per cent, 
and for light woods about 30 per cmi . ; in all woods there is a 
loss of weight, in conversion to charcoal, of 75-80 per cent., only 
20 to 25 per cent, of the weight of the wood remaining as char- 
coal. Charcoal from hard, heavy woods has always a greater 
heating-power than that of soft woods, so that a scale of the 
best woods for charcoal -making is prepared easily. 

A. AjdHtuU of Wood for Imjrrpynatwn. 

' Wood is impregnated in order to increase its durability.. 
Woods resist superficial impregnation by liquids, as they 
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stains, when only boiling under ordinary atmospheno pressure 
is employed. It the liquid is pressed into the wood by pneu- 
matic or hydrostatic pressure the sapwood o! all woods absorb 
it easily and thoroughly, especially when the antiseptic liquid 
is pressed in through the transverse section or a hole bored m 
the wood, and follows the course of the fibres (Hydrostatic 
methml.) The presence of vessels facilitates the absorption of 
the liquid. The heartwood, on account of its dryness, and in 
hardwoods because the vessels are often filled with thyloses, is 
less absorptive ; if also the heartwood is naturally coloured it 
will not absorb antiseptic liquids (oak, larch, and Scots pine 
partly). The abnormal reddish colour in beech heartwood 
also prevents impregnation. The more freshly cut the wood, 
the more absorptive it is, but dry wood, especially of conifers, 
takes a longer time for the liquid to pass through the walls 
of the tracheids. [It is, however, the practice in Ireland to 
season Scots pine railway-sleepers for twelve months before 
creosoting them ; the sleepers then last for eighteen to nine- 
teen years, instead of for only nine years if they are creosoted 
immediately on arrival at the workshop. If unseasoned wood 
be creosoted, the external layers enclose wet heartwood. Even 
after being eighteen or nineteen years on the permanent way, 
the sleepers creosoted after seasoning are removed solely 
because, owing to abrasion, they become too thin m inches) ; 
they are still serviceable for many years as fencing-posts.— Tr.] 


8. Dimensions of Trees, 
Maximum IIkight-uhowth. 


j 


III. 

IV. 

I. 1 

II. 

ori to KO 

Hi to .50 

115 to 150 fflfl. 

100 to 130 

(Rarely to 100 feet.) 



(Clunfly HliiubH.) 



Sfxjuoifw. 
Douglas fir. 
Dt'odar. j 

Spruces. 
Silver-firs. 
Weymouth pine. 
Giant thuya, 
liawson's 
cypress. 

Beech. 

Oaks. 

Voplars. 

Kims. 

Limes. 

Ash. 

Swect-chestnut. 

Sycamore. 

Norway-maplc. 

Walnilf 

Horsc-chcstiiut. 
Horn 1)0111 n. 

Birch. 

Aspen. 

8p. of I'irus and I’rumi.'s. 
Tree- Willows. 

llobinia. 
Ccmbian pine, 
(^upressus macrocai'pa. 
ilrvntnineria ianonica. 

Mountain itine 
(var. uiicinata) 

:>r, feet. 

(’oniinon maple. 
Holly. 

Box. 

Laburnum. 
Whitethorn. 
Common junii>er. 
Euonymus, 



Hkig HT GROWTH — ootiti mired. 


T. 

nr> to i.")0 fept. 

II. 

IftO to 130 fp(‘t.. 

III. 

r>5 to 80 fept. 

(Rarely to 100 feet.) 

IV. 

15 to 60 feet. 
(Chiefly ShndMt.) 

LiboccilruH 

docurrens. 

Tnugti 

MortcrisiaTia. 
(Sonic of these 
may oxo<‘C(l 

1 r>0 foci in 
length.) 

Till ip-tree. 
Anstrian pine. 
'I’axodiuin 
(lislit'hiiin. 1 

Pimih rigida. 

,, divarioata. 
(Ilanksiaiia.) 

Yew. 

Tencil-ccdar. 

Hickory. 

Oatalpa. 

Hazel. 

A'iburnnm. 

Cornus. 

Sainbucns. 

Syringa. 
lUacktliorn. 
Mountain pine 
(Puniilio), 


[This list differs from that given by Mayr, so as to include 
the economic trees and shrubs that are grown in the British 
Isles. Under favourable conditions certain trees may pass into 
a higher height-class. — Tr.] 

The development of a tree in height depends on several 
factors ; for instance, soil, climate and exposure to wind, 
method of production as well as species. The current height- 
increment attains its maximum in the pole-stage, then sinks 
again till maturity is reached, becoming nil in trees with 
eventually flat or round crowns, such as Scots pine, silver-fir, 
or cedar, or in trees such as ash and horse-chestnut, where 
the terminal shoot blossoms. Generally ihe height-growth is 
maintained longest when trees are in their optimum climate, 
on the most suitable soil, and grown in dense but not in the 
densest crops. It has often been asserted that density 
of growth favours height in trees, and certainly this is true in 
the younger stages of growth, just as removal of side-branches 
in fruit-tree culture favours the leading shoot of a tree. In a 
group of trees of the same age, the border trees are shortest, 
and those in the centre tallest. 

Diameter-growth at first falls behind height-growth, 
especially in dense crops, attains its maximum somewhal 
later and ends with the death of a tree, for every tree 
forms an annual ring as long as it is alive. Only in veq 
suppressed individual trees, a cessation of diameter-growth ii 
alleged for the lower part of the stem ; this has not yet beer 
proved. Diameter-growth is favoured by the admission of hete 
l^d light and tl;ie consequently increased natrimenli a yail%|^ 





^ . 9, Shajye of Trees, 

-Every tree has three parts, the bole, roots, and crown. In r 
■youth, the roots and crown preponderate over the bole, the 
iormation of which begins at the 15th or 20th year. By 
silvicultural means a forester can regulate the proportion 
between the bole, crown and roots of a tree. Open growth 
favours crown and roots at the expense of the bole ; density 
of growth increases the bole at the expense of the crown and 
roots. 

On good soil, the bole and crown become relatively large, 
the former in a less degree than the latter. Other conditions 
being equal, crops of trees produce more volume per acre on 
good soils, which favour stem- timber, though more numerous 
but smaller trees grow on an acre of poor soil. Usually in 
close, mature woods, only 10 to 20 per cent, of the volume is 
lop-and-top (under three inches in diameter) . Individual species 
vary in the proportion of bole and crown in accordance with 
the following statement. 


I. 

1 

HI. 

SpruccH. 

Cines. 

Bi oadleavcd trees resem- 

Laix'hes. 

Tsugas. 

ble pines in theirgrowth, 

Douglas tir. 

Cypresses. 

but stem preponderates 

Hilvcr-fir. 

Length of stem depends 

in the following : ^ 

The stem runs up to the 

on climate ami locality. 

Qucrcus palustris, | 

topmost bud o£ the 

Tn open growth or in 

Toplars. 

tree and height growth, 

old age, the stem divides 

Tulip-tree. 

excei)tinsilvcr-tir,con- ■ 

into several large 

Alder. 

tiimes as long as the 
tree lives. The branches 
Ihre small. 

boughs. 

Birch. 

Ash. 

Sessile oak. 

Aspen. 

Also in beech and other 
broadleaved trees, 
when grown in dense 
crops. 


t The following statement is compiled from results given by 
;■ Pfeil and M. Hartig, with which those given by Pressler and 
!!^urckhart have been compared. In the case of dense crops* 
g^w n in high forest to an advanced age in good localities.;,' 






;tlie percentages of bole, braneh-wood and root-wOod of differefiiy 
species are as follows : — 





Pcicf'ntagefi. 


Rpinailcs. 







Hole. 

BranchfH. 

Hoots. 


Tiarcli ... 

77- 

-82 

0- 8 

i2~in 

[The fij^iires pi veil by 

Wcyinontli ])iuc 
SjH’uce... 

iU- 

(\ri 

-80 

-77 

8 lo 

n — 20 
in 25 

Mayr for branches 
ami roots are assumed 

(in 

77 

8 1 .n 

in- 20 

to he correct, Init 

Silver-fir 

(io 

77 

8 - 10 

in- no 

thosi‘ for the boles 

As])C‘n 

nireh ... 

so 

no 

n 10 

5 - 10 

liavc lx;en allered to 

7S 

no 

n 10 

n -12 

e( u respoiid wi 1 h t I kmu, 

Alder . . 

7n 

80 

8 10 

12 in 

which they do not. in 

Maples... 

on 

7 a 

10 in 

in 20 

i Mayr 8 statement. — 

Linu* 

00 

08 

20 2n 

12 - in 

1 Tr.‘l 

Ileecli 

nn 

70 

10 20 

20 -2.n 


Ash 

nn 

70 

in 20 

1.5 - 25 


Iforiibeaiu 

00 

(u) 

10 20 

in-^ 20 


Oak 

.‘»0 

on 

10 20 

in- -20 



Standards over coppice show different percenta^jes of bole, 
as they are much more branchy than high forest trees, 
especially when old. Lauprecht gives the following : — 


t 

IVrcoiitago in Hoh'-s of DiffcrfMit Ages. 

Siirclcs. 

— 

— 



f>0— nn Yrars. 

on— 100 Ynars. 

Over ltH» Years. 

Oak ... 

58 

42 

18 25 

Beech 

nn 00 

61 

28 -40 

Aspen 

at 

10 

25 2n 

Birch 

:k5- 40 

35-44 

31 -40 


As regards cylindricity of stem, the cleaner the stem is 
from branches the more cylindrical it is. Density of crop 
produces cylindrical boles ; open growth, jionical boles. It 
has hem asserted that the upper part of the stem is nourished 
better than its lower part. Metzger and Bchw^arz consider the 
better nourishment of the top of the bole as the necessary 
consequence of the gradual construction of the tree according 
to the laws Disequilibrium. 

; A measure of cylindricity is the form-factor, or the ratio^ 



TaEtes;' 

:bf the volume of the bole to that of a cylinder of equal height 
"and diameter (at chest-height). Neiimeister* gives the 
following form-factors, that of the ideal cylinder being 
100 :— 


Species. 

Height in Meters, 

Form-factor. 

Spruce 

20 

53 

„ 

au 

50 


40 

48 

Silver-fir 

20 

54 


ao 

50 


40 

41 

Scots pine 

20 

17 

ao 

48 

W< 7 moutli pine 

ao 

1 5 

Ueech 

20 

49 

» 

30 

49 

Oonibran pine 

20 

19 

Larch 

ao 

48 


Straightness of Bole. — This occurs when the axis of the 
tree runs in a straight line. If the axis of a tree is bent in a 
single plane, or a branch and part of a stem have their 
axes in one plane, valuable curved timber, or knees, may be 
formed, as in oak timber for ship- or barge-building. If the 
tree bends so that its axis is in two or more planes, it is of 
little value. Conifers are usually straight ; spruce, silver-fir 
and Douglas fir the straightest, then larch and pines. Among 
broadleaved trees, the cherry, poplars, alder and sessile oak 
are straightest, but beech grows straight in a dense wood, 
and a mixture of beech with oak, sycamore, ash, etc., will 
straighten the boles of these species in a remarkable 
manner. 

Percentage of Heartwood. — In all trees, heartwood is 
formed after a certain age only, [two or three years for 
sweet- chestnut, so that mere coppice-shoots of this species 
have a large percentage of heartwood, and are very durable 
when used for fencing. Mulberry, robinia, laburnum and 
larch also produce heartwood in 3 — 10 years. Mathey states 
that in oak, when grown as standards over coppice, the 


, Forst u. Jagd Kalender,” 1902, 





i^transformation of sapwood into heartwood is 
; >iollow8 : — 


somewhat" 


1~ 

, Nunil)er of Zonon. 

Tlifekncsa of 
Sapw'ood. 


Sapwood. 

Heartwood. 

M 

\i 

0 

mm. 

inches. 

17 

11 

0 


— 

20 

11 

9 


— 

27 

10 

17 

22 

0-8 

50 

10 

40 

23 

0-9 

05 

12 

53 

32 

1*2 

SO 

13 

67 

31 

1-2 

05 

U 

81 ' 

31 

1*2 

VM) 

U 

11(1 

21 

0-s 

Older. 


— 

21 

0-8 


Thus the conversion of sapwood into heartwood proceeds 
irregularly, and not according to the annual zones. At first 
the percentage of sapwood is enormous ; later on the difference 
between the volume of new sapwood formed and that of the 
old sapwood transformed into heartwood steadily diminishes, 
until between 00 to 100 years equal volumes of heartwood 
and sapwood are formed annually. 

Oaks with rapid growth and with smooth bark have com- 
paratively more sapwood than slower growing trees with 
1 rough bark, and those grown on north and east slopes have 
' more sapwood than those grown on south and west slopes. 
Pedunculate oaks usually have more sapwood (2—8 C.) than 
sessile oaks (1 — 5 C.). 

In the case of oaks grown in high forest the conversion 
of sapwood into heartwood begins later, and is the earlier 
and the more active, the more light is given to the 
poles. Suppressed oaks often have no„ heartwood when 
'25 years old, while old high forest trees have more zones 
;of sapwood (18 — 25) than old standards over coppice# 
Oaks coming from the last thinnings have little sap- 
^ood. : 

Stunted oaks grown on impermeable London clay at 
^Oxsbott, in Surrey, have little sapwood and produce veryi 
^rd wood, suitable for cate-nosts. — Tr.l 





gives the followinp; data : — 

Breadth of Sapwood In 
Centimeters. 

Species. 

Up to 3 

Vew, larch, oak. 

3-5 

Scots pine, Weymouth pine, spruce, silver-lir. 

5—10 

i Maples, elms, ash, walnut. 

Over 10 

Other broadleaved trees. 

1 


As already stated, sweet-chestnut, laburnum, robinia and 
mulberry may be added to the first class of trees with narrow 
sapwood. 

Freedom from branches, or cleanness of bole, is one of 
the most important properties of economic timber. All 
superincumbent boughs and foliage shade the lower and 
earlier formed branches and causes their death sooner or 
later, according to their greater or less susceptil)ility to shade. 
This natural clearance of the lower branches and foliage is 
effective in trees in an open position only partially and up 
to a certain height. Whenever not only the crown of the 
individual tre( 4 , but also the branches of neighbouring trees 
unite in giving shade, as is the case in a dense crop, the lower 
branches of shaded stems must die rapidly, so that, by a proper 
density of crop, a forester can readily obtain boles that are 
clean up to a desirable height. Whenever, by a thinning, a dense 
crop receives more light the death of lateral branches ceases. 

It is therefore evident that the early crowding of a crop is 
desirable, and all factors that retard this, such as wide 
planting, are prejudicial to the quality of the produce* 
Attempts to remedy this by pruning are in the first place 
cosily and the resulting produce is saleable only near large 
towns, whilst it is dangerous to the health of the trees. 
Pruning is useful as long as only dead branches are removed, 
but when living branches, especially over 2 — 3 inches in 
diameter, are pruned away, either callus growth covers the 
wound and affects the quality of the wood injuriously, or 
fungi and insects attack the wounds, while desiccation by the 
iun and moisture from the air increase the damage greatly, 
in brdadleaved woods epicormic shoots that require fresh 
:mav snrincr from the edses of the wounds. 
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10. Yield of the Chief Species. 

Regarding the yield per acre in solid cubic feet of the 
principal sj)ecies of North European trees, the following 
statement has been compiled from data given l)y v. Baur, 
V. Lovey, Kunzi, Sehuherg, Schwappach and Weise. 
Quarter-girth volumes are {.}ths of those given, or approxi- 
mately one quarter less^: — 


Spcfios. 


SII 

ai s. 


KKi Yi'.'iih. 



lt>() Y. 

■.'ll.s. 


Qiiaiiiifs. 

>• : 

II. 

III. 1 IV. 

I. 

II. * III. ’ 

IV. 

1. 

TT. 

III. 

IV. 

Spiiio<‘. 


!(J 


1 I.IMKI , 

1 1 2K0 ■ S l.M» 

‘JlIU 




7, *280 

Sih n -111 

KM >(» ; 

7,K'0 


1 

11, ‘MM! 


lu.M’iO ' 

7-jn 

1H.7K' 

7,700 

ItrL'fli . 
SCOth 

7,liS0 

r. (-.00 

1,‘JKU .•{.‘J'MI 


1 ' 

1 ' 



l 7'>(> 

.sr»K 

— 

JMIIO . 




S..0H) 

7,1 l<t ‘ .7,SIO , 

1 

i,J7<' 

KI,KS() 

S,7K) . 

h,ShO 
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These figures are for pure crops ; for mixed crops measure- 
ments are not availa))le, and averages taken from the above 
figures will not give true results, as a soil that is of one 
quality for any species may be of ditlerent quality for another 
species, owing to their different requirements in soil, climate, 
number of trees, etc. As regards the ])roduce of thinnings, 
figures are available for pure crops, but they are rajiidly 
losing their value, as new methods of thinning are coming 
into vogue. 


E, Defects in Wood. 

1. 1 defective Structure. 

(a) Ahnormal Tissues. 

Abnormal parenchyma (callus) covering wounds, with ’ 
intermediate tissues eventually passing into ordinary wood, 
may be termed occluding tissue. AVhenever the bark of a 
tree is crushed or removed by any injury — such as beating it 
to shake down fruit (chestnuts, etc.) ; cutting in it names or 
figures; abrasure by cart-wheels, falling trees, climbing-irons 

* For a detailed account of the yield of the different species of European 
trees, cf. Schlich’s ** Manual of Forestry,” vol, iii., '• Forest Management,” 
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(Fig. 45) (to obtain cones, birds-nests, or to prune the tree) ; 
or by exposure to the sun (sun-blister), hail, lightning, etc.— 
the injured canihhiin and wood is killed, while from the 
surrounding healthy cauibiuin and the parenchyma of the 
wood and cortex, an occluding callus is formed, the abnormal 
fibre-direction of which causes the wood to deteriorate. 

Pith-flecks are small occluding tissues that have closed old 
wounds in wood. Such pith-flecks are common in the wood of 
birch, alder and species of 1‘rit.Hus and PiruH : as they have a 



4r>. - Injuries in pinenotnl eaiisctl by clmibin^-irons. 


pathological oi'igin, and may be absent, they should not be 
used in the identification of these woods. [Stone, op. cit., 
states that they are duo to short peripheral galleries made by 
larva!, which are afterwards filled by parenchyma.— Tr.] 

Besin-gaUs (Fig. 46) are flattish hollows within an annual 
zone of coniferous wood filled with rosin and vary from an 
insignificBriit size to the length of one s hand. When large and 
numerous they have a prejudicial efteet on wood and may be so 
numerous as to render the wood unsuitable for planks, laths, etc. 

Tiie cause of resin-galls is explained by Mayr* as an 
* H- Mayr, ** Das Hanc der Nadelliblzer." 


outpouring of resin into tlie cambium zone in early spring 
after only a few spring cells of wood had been formed, th 
mass of resin was isolated by occluding tissue. Tschird 
suggested that this is due to a wound, but if so, why, alway 
,at a definite season of the year and near the crown of the tre( 



through a rc^iti-gali lu s[»iucl*- 
wooti. Occlutling tissue iii little 
semi-circular groups of eelih pro- 
truding into the hollow filled 
with resin. The external zones 
are convex. 

abnormal numbers of them 
only a few. 


as well as low down the stem' 
The wound may, however, b< 
caused by an insect. The pre 
valent opinion that resin-galls 
are due to a conversion of tht 
cell-walls into resin has been 
proved by ]\layr to be wrong, 
lUisin -galls occur in coniferoug 
woods that liavo resin-ducts, 
sitruces, })ines, larches and 
J)ouglas-fir ; as they are patho- 
logical, nothing can bo decided 
about the identity of woods by 
their absence, but if present 
they distinctly prove that the 
wood is not that of silver-firs, 
tsugas or cypresses. The wood 
of the latter trees, however, 
some times has rudimentary 
resin -ducts, especially on wood 
occluding wounds caused by 
liail or frost, lu wood with 
I'esin-ducts there may be 
1 certain decades and in others 


Gall-parenchyma, especially in broadleaved trees is pro- 
duced by the stimulation of insects and their larvae Species 
of Lachmis, a kind of aphis, form a gall on forest plants in 
which all stages of occluding tissue, from parenchyma to 
wood-tissue, occur. 


Abnormal ooU-formations reseinbliug occluding tissue are 
saused by late frost in both bi'oudleaved and coniferous wood. 
Damage done by late frost to the cambium is often 
mcompanied, in lengthening shoots, by a bendina of the shoot. 



?iither spiral or like a bow, and this is visible externally; 
Damage to shoots in their second or third year is not externally 
visible. If a frost comes in June, the injured brown wood is 
joined to the same year's spring-zone of wood by a callus and 
is followed by subsequent frost-cankers. To an observer 
without a magnifying glass this might appear to be a double 
annual ring*. Mayr has noticed such frost-rings since 1890 
and in Fig! 12 a, h and Fig. 22, drawn from nature, pur- 
posely has represented some apparent double rings, but their 

origin has not been yet explained. 

A true double ring occurs only when there are two spring- 
zones and two summer-zones in an annual zone, in the order, 
early-wood, late-wood, early-wood, late-wood. Tins is very 
rare in forests, but is frequent in towns, whore the hot 
weather and an insufticient water-supply to the roots often 
cause defoliation at the beginning of August and the growth ter- 
minates with late-wood. Then leaves reappear and sometimes 
flowers ; spring-wood is formed and passes into summer-wood 
at the end of September or in October, at the second loaf-fall 

Hence the formation of spring-wood without a second 
summer-wood is no double ring, but a reduplication ol 
spring-wood only, when shortly after early spring the tree 
loses its foliage by frosts, insects, fire, etc., and produces fresh 
leaves. 

If there is no loss of foliage, but a second crop of leaves 
appear, especially in oaks when lammas-shoots are produced, 
or late shoots in September in vigorous young plants, or 2—4 
series of shoots owing to lopping hedges and shrubs, no 

irregularity is visible in the wood. ^ i i 

If the anatomical structure of stem-wood is considered 
norm d, the wood on the lower side of boughs with very thick 
cell-walls is abnormal, and so is the root-wood wiUi its very 
thin-walled cells. The wood of suppressed stems with narrow 
annual zones is also abnormal and so is the wood of trees 
with very large zones grown in rich garden-soil. Wood with 
very thick, folded cell- walls, as on the lower side of boughs, 
on the eastern side of the root-stock, or on the lower side of 

.. • R. Hartig, Uoppeliinge als Folge von SpStfrost.” Foret Nat. Zeitung, 
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obliquely inclined stems was in 1890 termed red-wood by ’ 
Mer. Schwarz earlier than this had termed extremely hard - 
wood “ Diuckholz,” tension-wood. The naiiie “red-wood”,; 
is uiiKatisfaciory, as this alnioriuity is not due to colouring 
matter hut to the great accumulation ol' lignin. Ai)iu)ruially 
thick cell-walls are red for the same reason that ice is 
blue. 

[H. J. Elwes in a paper read before the Surveyors’ Institu- 
tion in 11K)4,* drew atteiition to a form of oakwood known as 
“Brown Oak,” which is extremely valuable and is used for the 
internal decoration of houses and for heavy furniture. The 
sapwood of those oaks is normal in colour, ))ut the dark 
heartwood occurs throughout the stem, and branches when- 
ever the latter are suthciently thick to contain heartwood. A 
group of young oaks were felled in Essex, iK>t more than 
12 to 18 inches in diameter, all perfectly sound and the 
heartwood of a rich brown colour. Woodmen in Essex con- 
sider that trees, which retain their leaves longest in winter, 
have “ red wood,” the local name for brown oak. Some of 
the most valuable brown oaks grew in Bockingham Park, in 
Northanii)tonshire, and the junction of oolitic rock bearing 
iron-stone bands, with lias clay, appears to be favourable for 
this variety. Often brown oak is due to internal decay in the 
bole of a tree, but sometimes it is quite sound. Owing 
to the great bciauty and value of brown oak, it is advisable 
that experiments sliould be made to determine, whether this 
quality is lu;reditary, and what conditions of soil and locality 
favour it. Apparently it is not known on the Continent. 

The stump-wood of Krica arhoira, called briar-wood from 
the Erench bnij^hr, forms lai'ge masses of wood that is heavy 
and with contorted fibres but even- grained, of a rich reddish 
brown colour and easily turned and carved. It is the best of 
wood for pipes. — Tr.] 

(h) Abnormal IHreciion of Fibies, 

Every wound disturbs the course of the fibres round the 
occluding tissues ; they are curved until several years after 

♦ (y\ Chapter on oak in the “Trees of Great Britain and Ireland,’* by 
Klwo^ and Henry, 11)07. ^ 



the occurrence of the wound and then resume their former 
direction. 

Stems are very rare in which the fibres run in the same 
plane as the pith, so that their course is straiglit. A spiral 
torsion of the fibres, that is more or less pronounced, is the 
rule. Twisted wood, or rather torse wood, for twisting 
implies an external force acting on the wood, may be left- 
inclined, or right-inclined, i.c., its direction may follow the 
apparent diurnal motion of the sun, or the reverse. This is 
without economic interest, for wood the fibres of which encircle 
the stem within thirty feet is useless for sawing or cleaving 
whether the fibres bend to the right or left; it may, how- 
ever, still he used for posts, and Mathey says, for railway- 
sleepers. 

As some wood is perfectly vortical, the theory set up by 
Braun and Goppert, that torsion is the result of the length- 
ening of the fibres as the tree becomes older, must be 
abandoned. Tlie fact, that, in torse wood the transverse 
division of the mother cambium cells is usually in one 
direction only, <’.//. to the right, whilst when straight-grained 
wood is formed, these divisions are alternately to the right 
and left (Hartig), is the elfe>ct only of an unknown cause. 

Pines are more subject to torsion than spruces or silver-firs, 
Scots pine fibres always turning to the right in such cases 
(Mathey). Neiimeister states that all horse-chestnuts (but no 
birches) have torse fibre. Torsion is common also in sweet- 
chestnut wood. There are certain localities, ejf. stony soil 
and sunny aspects, where torse wood is very common and 
there the price of timber is remarkably low."^ Straight- 
grained wood is recognisable on standing trees by the vertical 
lines of the bark-cracks and as felled and peeled trees become 
dry the direction of the fibres is shown by the fine longitudinal 
cracks in the wood (Fig. 57, a and 6). 

Wavy texture forms what is known economically as curl- 
wood, It diminishes the utility of wood less than torsion. 

* [Such a locality is cited by Fernandez, op. cU., at Kanikhct, in the Hima- 
layas, where he says that all the Pimts longifolia trees iiave torse fibre. Mathey 
cites Marchiennes and St. Amand, as forests where it is hereditary with oaks. 
Gayer states that there is a Scots pine wood near Trier, whcie 84 per cent, of 
the trees are torse. — Tr.] 
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' A Blight waviness of fibre is very common and affects the" 
quality of the wood but slightly. The shorter and more 
curved the bends of the fibres, the more the utility of the 
wood for cleaving is impaired. Its value for planks is 
increased by the beauty of its structure, which may form 
highly ornamental wood, as when sawn into planks alternate 
layers of fibres run in different directions and reflect light 

differently. The 
ripples may be in 
the tangential sec- 
tion of the wood, as 
in Fig. 47, or in the 
radial section, when 
the w^ood is termed 
commercially 
“ as “ hazel- 

spruce ” or hazel- 
oak. On the upi^er 
side of a junction of 
a branch with the 
stem, or near the 
roots, the wood is 
always wavy, this 
being more marked 
in broadleaved 
trees. [The ripples 
of fibres are normal 
in satin-wood 
{Xavtho.rifhmi from 
the West Indies and 
ChJoroxiflon Side- 
tenia from Ceylon), 
SO that the wood on longitudinal sections has always alternate 
; bands of brighter or duller lustre, according to the direction 
'in which the fibres are cut. The medullary rays also undu- 
late. This beautiful wood is extensively used for the backs of 
brushes. — Tr.] 

Mottled wood results from the shoots from dormant buds, 
which remain alive for years at the level of the outer bark ; 


I' I'’ ' Jw •<..? ‘li 

'A/ ‘ A'-v M || ^ 'L - ii 



Fig. 47.-- Ash- wood willi wavy fibres. Curl-wood 
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^in trees placed in a free position after being in a dense crop, or 
- affected by wounds, disease, or pollarding, they may develop 
into (epicormic) branches. In such mottled wood the main sLoin 
need not exhibit any bushy external growth horn the dormant 
buds, and its condition may bo recognisable only by reason of 
the irregularity of the bark cracks, or by the scales of baik being 
small. Such wood is very inferior for planks and cloven ware, 
but its beautiful structure renders its sale-price very high. 

Mottled wood may occur in all species of trees, even 



Fig. 4S.~ TrauHVcrso Hectioii of birch mottluU wood with nuiiioroUH 
(lorniaiit ahoula. This is commcjcially teimcd Swedish “ hly-woud.” 

conifers (Figs. 48 and 49) ; it may be due to alteriiatious of 
colour (p. 14(5). 

Bird’s-eye maple is one of the most valuable forms of 
mottled wood; it occurs in all species of maple, and is 
specially beautiful and common in that of the sugar-maple 
(Acer saccharin urn) (Fig. 49). Bird’s-eye oak-wood from 
pollard trees is often extremely beautiful and valuable. 

if the dormant shoots bifurcate and grow individually in 
thickness in concentric layers, large knotty swellings are 
formed, often of considerable size; they are termed Burrs. 
In small pieces such mottled wood, c,g,, in walnut, birch and 
alder, is valuable and in common use for small articles, 

K 2 
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bracltets, etc. Large burrs are generally unsound internally, 
and are then less valuable than the smaller ones ; they often 
bear opicorniic twigs. 

[Mailiey states that burrs from Confhis colnrna, the tree- 
hazel of the Levant and Himalayas, are niucli used by 
cabinet-makers, and so were excrescences on the rootstock 

of CaUitris qnadriralvis, in 



Tig. 41).— IJinrs-t'yo niai>k\ From the 
sugar-maple. The bird’s oyes are shown 
as iraiiHvei'sc sections of the durruaiit 
shoots. 'I’he lower part of the plate 
a radial seetioq, .shown lengtliwise. 


Algiers. These latter burrs 
are produced by grazing and 
fires, and were liighly prized 
for their beauty by cabinet- 
makers, but as they have 
become extremely rare and it 
is desired to p)*eserve the tree, 
they are no longer obtainable ; 
probably the origin of the 
Levant Inizel burrs is due to 
similar bad usage. Some- 
times, as in beech, the dor- 
mant buds are separated from 
the pith by the woody growth, 
but grow in the living cortex, 
and form litile round excre- 
scences, projecting from the 
bark, lieing termed sphaero- 
blasts. They are quite use- 
less. 

Tlie reason for the forma- 
tion of burrs on trees is said 
by Mayr to be unknown. Evi- 
dently in many cases they are 
due to injuries when the trees 


were young, so that dormant buds low down the stem grew at 
the expense of the latter, and not being able to develop into 
ordinary branches owing to repeated injuries, or to their 
position deprived of sufficient light low dow’n on the stem, they 
produced masses of contorted tissue. 

A fungus (Dothiora sphaeroides) growing on ash saplings, 
both seedlings and coppice- shoots, sometimes attacks their 
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buds and destroys their leading shoots and branches, but 
lives on at the points of attack, forniing globular swellings 
in the wood that are quite sound, until the sporaphorcs of 
the fungus break out and convert the swelling into a 
canker. These knobbed saplings form valuable walking- 
sticks and umbrella-handles. Himilar knobs appear on oak 
and sweet-chestnut saplings and are very common in oak 
coppices on the Bagshot sands 
in Surrey. — Tr.] 

Damage by fungi, as in 
witches’ broom, cause abnor- 
mal swellings in wood, which 
usually are unsound and 
detract greatly from its value. 

Mistleto also (Fig. 50) causes 
an abnormal swelling, and 
eventually wood full of liolos 
on tbe trees which it attacks, 
preferably a])])le-irees, ])op- 
lars, lime, silv^erlir and white- 
thorn, These cankers, etc., 
are described fully in Vol. IV. 
of this ^laiiual on Forest 
Protection. 

Swellings are produced 
artificially by pruning saplings 
of dogwood, whitethorn, ash 
and oak, etc., in order to form 
walking-sticks and umbrella- 
handles; mottled wood also by lopping ash-trees. More 
experience is required as to the possibility of producing 
healthy burrs artificially. 

Knottiness of Wood. — The l)ranching of a tree begins by 
the budding of the pith of its leading shoot. Every subaerial 
or subterranean branch (except adventitious shoots) is con- 
nected by its pith with that of the leading shoot. In conifers 
the branches are more or less in verticils, so that the distance 
between two adjacent verticils gives the year’s height-growth, 
and the number of verticils gives the age of the tree down 



Kig. r>0. wood injured by 

nii.stleto. The hnuslona ()(' the latter 
resemble mcdiilhiry ray.s, in tlie 
tangential and radial sections of the 
wood. 
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to a certain distance near the ground; the age 
of the tree, where the verticils are obliterated by the bark, 
can easily be estimated. The true base of the year’s shoot, 
where the pith divides, is in young stems higher and in old 
stems lower (on account of the obliquely ascending branches) 
than the apparent external position of the verticils : rf. Fig. 51, 
where M is the pith; after the wood has thickened up 
to 4, the external position of the verticil is above the true 
base of the leading shoot. In most broadleaved trees, except 
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Pif?. 51. - rjongitudinal section tlirongli a coniferous stem and branch. M, pith. 
The darkev the branch-w^otKl the more rotten it is. 


in cherry, the branches of which are sub-verticillate like those 
of a silvor-lir, the ramification is irregular and usually the 
age can be determined only by counting the annual rings. 

The annual zones of wood that thicken the stem and 
branch are firmly connected until the branch dies, as those 
at the base of the branch bend and unite at one end with the 
vertical zones of the stem, and at the other end with the 
obliquely ascending or horizontal zones of the branch 
(Figs. 51—53). The thicker the branch becomes, the more 
the stem-fibres are curved and the greater the disturbance 
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XI the normal course of the stem-fibres at the junction of 
ihe branch with the stem. The properties of wood that 
iepend on straightness of fibres are thus impaired* 

When the branch dies its base is still nourished for several 
^ears and a callus is formed around it, as is the case with 
my foreign body in the stem, such as a nail. The longer 
ihe interval before 
ihe dead branch falls 
from the tree, the 
longer is the base of 
the dead branch sur- 
rounded by occlud- 
ing tissue. The swel- 
ling of the wood 
(between 8 and 4, 

Fig. 51), causes a cir- 
cular depression of 
the bark round the 
dead branch, which 
remains moist for a 
long time and hast- 
ens its decomposi- 
tion. At length the 
branch breaks oiT 
and falls, owing to 
its weight acting as 
by a lever on its 
rotten base. If this 
lever is shortened, 
by men break- 
ing off dead branches 
for firewood, a stump or snag remains, all of which becomes 
occluded gradually, to the deterioration of the timber. The 
earlier this breakage of branches begins in a ci’op of trees, 
the more knotty and inferior is the timber it produces. 

If a plank be taken from the region 1 — 3 (Fig. 51) of the stem 
it includes the hard enclosed wood of the branch, which, being 
^specifically heavier than that of the stem, is liable to warp and 
K&ack (Fig. 52 a). If the saw cuts between 3 and 4 (Fig. 61), 






.lAi;. 


_L_i. 


I, A.. 

Fig. r>2. — TatigfTilial Bcctioii tlirongh a verticil 
of a conifer. Tlu; knots, n a, firuily connected 
with the wood, Khowing tlic beauty of bucii wood ; 
h, a small intcnnediat(‘ knot that will fall out when 
the plank is <lry. 
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the planks contains the dead knot, which has no fibrous ’ 
connection with the stem- wood ; the heavier, well-nounshed 
Btem-woocl then contracts, and the knot becomes loose and 

falls from the plank' 

I j (Figs. 52 /> and 53). It 

! 1 n 1 1 ' ; n n ll is obvious that such con- 

I 1 11 jl 1 1 I j 1 I ditions reduce greatly the 
'1 1 1 1 I 1 1 1 1 value of the planks, 

jli I VI I Knots that are firmly 

I . V/ M V / I li connected with the wood, 

'S,.- * VVt dark red in colour and 

1 i translucent in sunlight, 
render the wood valuable 
\\W certain purposes 

I I i I / (wainscotting), especially 

I I j I I in larch, Cembran and 

I H 1 ^ I ' Boots pine. 

Fig. r>:i. Dond branch (‘iicioscd in conifcrons -[jf branches are re- 
causing Jl loose knot. iiioved when young, only 

@ the central part of the 

mature stem is knotty ; 
the resulting knottiness 
is BO mucli less, the denser 
the crop when young and 
the smaller the knots. 

This is the reason why 
the outer even-fibred wood 
of old trees is excellent 
for sawing and cleaving 
(Fig. 54). The evil of too 
early thinnings, owing to 
the consequent mainten- 
Fig. M.~Tmn.Te.sc section of a stem, the ance of branches which 

brandies of which liave been pruneet early. form large kuots in the 








The cxteiiial wood is faultless. 


form large knots in the 
wood is also obvious, 
-This occurs when a tree 


Double or multiple beartwood —This occurs when a tree 
has two or more leading shoots, wliich grow up together and 
eventually form one stem (Fig. 56),. or when by multiple- 
planting, or excess of natural regeneration, two or moie plants 
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oalesce eventually into a single stem (Fig. 55). As a rule one 
i the stems grows slowly and eventually dies. One of ilie double 
waders should be removed in cleaning the young plantation, 
lut if previously it has been overlooked it should be removed in 
the thinnings. If not removed )>efore 
it is about four indies in diameter, 
tlien, in the case of conifers, owing 
to slow occlusion decay will ciudainly 
affect the wood and will infect the 
remaining stems also. If no leaders 
are removed, their united bole be- 
comes a breeding-place for insects. 
FiVen if one of the leaders is removcul 
the remaining stem will, when 
mature, be swollen at the base and 
probably unsound. It is therefore 
best to remove the jilant entirely, in 
the case of conifers. 


Fijf. 55.— Lower i)art 
of an old fit era. lt« 
swollen base denotes 
either double heart- 
wood or rod-rot. 



Fig. 5r>. - Fni(»n of three leaders 
into one stem, while two clhor 
branches have also co:desf‘cd 
with the main stern. 


In young plants, double leaders oiten result fiom 
injuries to their original leading slioots by game, and less 
frequently from those by insects or fungi; also to the 
destruction of the terminal bud by birds, hail, wind or late 
Irnof A a nlti.nf.ft are sneciallv liable to these dangers in 
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dear-cuttings with subsequent planting or sowing, merchants 
prefer wood from naturally regenerated crops. 

(r) Drfecfs in Sovnd Wood. 

Heart-shake occurs when radial cracks extend from the pith 
outwards ; they are visible on the transverse section soon aftei 
the tree is felled. In conifers theheartwood of which containe 
only sufficient water to saturate the cell- walls, heart-shake is 

seen as soon as the tree is felled, 
lor the heat caused by friction ol 
tlie saw dries the wood so as to 
cause a..Jine*. crack ihroxigh -the 
pith, which exposure to the air soon 
opens more widely. (Fig. 57 a). 
AVhere there are several such 
cra.cks, the defect is termed star- 
shako, and siniph^ heart-shake, 
when there is only one ; in the 
latter case, by sawing parallel to 
the crack, excellent planks may 
be produced. 

Air-cracks are due also to 
shrinkage; they appear jjarallel 
to the course of the hbres on the 
surface of steins that have been 
strip[)ed of their hark (Fig. 57, a 
and h ) ; if the wood is rapidly^ 
dried, these cracks may penetrate 
deeply into tlie stem and reduce 
the value of the wood for planks, etc. The methods of 
combating this defect are discussed in Part Y., B. 

Wind-shake occurs usually in trees that have been given an 
open position late in life, such as mother trees destined for natural 
regeneration. When trees suddenly isolated are blown about 
by the wind, which the harder tissues of trees that have always 
stood in the open can resist better, and the fibres of the wood 
separate along an annual ring forming arc-like shakes 
(Fig. 57 5), it is chiefiy the base of the stem, up to a height 
, of 3 to 6 feet, that is exposed to these cracks, owing to the long 



with iiir-ciwks on its surfact' 
luul iioart-siiako on its trails. 
Terse scctitiii. (/i) Torso-tibieU 
stem, ditto, also with wind- 
shake on its transverse sect ion. 
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ever of the bole between it and the ci-own of the tree. They 
>ccur chiefly on the eastern side of the stem, are less frequent 
m its western side, but hardly ever appear on its northern 
>r southern sides, as storms rarely come from these directions. 
[n very exposed localities, besides the tangential cracks, there 
nay be a radial crack running through the pith (Fig. 57 />). 

Wind-shakes are more frequent when the centre of an 
iffected stem has very narrow-grained wood. Trees in 
jelection forests, which have stood long in the shade as poles 
vith very narrow zones of wood, begin 
abruptly to produce broad zones when 
ihe shade is removed, so that at the 
Qiargin of the narrow and broad zones 
khe circumferential cohesion of the fibres 
is weak, and the resistance to bending 
atrains differs in the two kinds of wood. 

Cup-shakes in the heartwood of trees 
resemble wind- shakes in appearance, but 
originate in a different way, being due 
to injuries received when the tree w'as 
young. A portion of the bark of the stem 
or root- stock of a sapling or pole may 
be abraded by deer or squirrels (larch) 
by resin-tapping, contact with wheels or 
with falling trees, etc,, or owing to the 
death of part of the camhiurn and bark 
by forest fire; this produces an occlusion, 
which, if the injury is slight, gives rise 
merely to abnormal direction of the fibres, 
hut if a larger part of the wood is exposed, to decay of the 
Bubjacent wood. The decayed wood is not then connected 
with the overlying occluding tissue (Fig. 58). 

Even ants starting a nest at the base of a tree affected by 
root-rot may, by gnawing the soft spring-wood of conifers, 
produce cup-shake, as in silver-fir attacked by Fames annosus 
Vol. IV.). 

’5; Neither wind-shake nor cup-shake extend further than 
fbver a certain part of the circumference of an annual 
Ikone : if the damage should extend all round the zone, 



Fig. ii) Surface 

peeled by deer, {h}/) 
Wood (xicludiug the 
wound and subsequent 
layeVvS. 
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it is termed ring-shake, and will be described in the next ; 
section. 

Frost-crack is a radial crack occurring on a standing tree ' 
at very low temperatures. This form of damage is commoner 
on sweet-chestnut, oaks, walnut, ash, lime, poplars, elms and 
maples than on conifers. Of the latter, the silver-fir sufiers 
most and Scots pine and spruce less. It is very rare with 
beech and as})en. 

[Turkey-oak suffers more from frost-crack than does 
sessile oak and the latter more than 
pedunculate oak, while Maihey states 
ihtit Qif/>rrn.'i fardisaima suffers less tlian 
ordinary pedunculate oak. Fuller details 
about frost-crack are given in Vol. IV. 

- Tr.] 

II. JIartig explains the cause of frost- 
cracks, as follows: during frost, water 
leaves the cell-walls the more abun- 
dantly the lower is the temperature, 
until owing to the consequent drying 
of the wood, the latter cracks. Accord- 
ing to Mayr, this explanation is wrong. 
All physical and mechanical phenomena 
in frozen wood, as well as Mayr’s own 
experiments, show that water remains 
in the tissue walls of frozen wood. 
The cracking of the stem at very low 
teni])eratures (about ~ 25” C. or — 13” F.) 
is due to contraction by loss of heat and this results 
naturally in a radial crack, for the outer layers become coldest 
and contract the most. When the weather becomes warmer, 
the crack closes, in the next growing-season the wound is 
occluded, but the crack opens again the next cold winter 
and the repetition of this cracking and occluding produces the 
projecting frost-rib (Fig. 51)). Generally such stems are 
useless except for cleaving. 

[Frost-cracks are quite common in Windsor Forest, both in 
oaks and sweet-chestnut trees, though the lowest temperature 
recorded in the open at Cooper’s Hill, close to the forest and; 



.V.l.- Frost -crack and 
1 lost -lib. 'J’he other 
cracks on the trans- 
verse section are due 
to desiccation. 
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it about the same altitude, is 10*P F. in February, 1805. 
Bess gives — 18^^ C., or 0° F., as a sufficiently low teinpera- 
;ure for frost-crack, and it is evident that frost-crack occurs 
in the British Isles at temperatures considerably above - 18^ F. 
--Tr.] 

Damage by lightning is fully discussed in Yol. lY., and 
here only some points brouglit forward by Mayr will be given. 
It. Ilartig has proved that lightning strikes trees more fre- 
gently than is usually believed often causing numerous 
little wounds in the cambium, that are eventually occluded 
but become externally visible as the tree gets thicker. 
Conifers usually die when struck ; broadleaved trees may 
occlude the w’ounds. Usually oaks, spruce, poplars, larch 
and pines are considered as most in danger, while beech is 
said to be immune. Hartig, however, has shown that young 
beeches are struck by lightning but that their wounds are 
occluded. 

Usually wood struck by lightning is so completely shnhj 
although only one external crack may be visible, yet so 
many small cracks have branched from the principal one 
through the wood, that when it is sawn into j)lanks or 
scantling they eventually fall to pieces. 

The holes made in trees by woodpeckers may be noted 
here {cf. Yol. lY.). 


(d) f)im(Heil Wood-Jihres^''' 

Internal disease in wood, e,g,, rottenness in stem, roots 
or branches, is discernible externally by scientific observa- 
tion only. Stem-rot is merely a continuation of disease that 
originated in the roots or branches, or is caused by wounds, 
or by diseases that are visible externally, such as cankers. 
The earliest visible signs of disease are discolourations. As 
long as abnormally coloured wood is still hard it is quite 
utilisable, provided that by rapidly drying and using it only 
in dry places (interior of houses, etc.) the growdh of the 
mycelia of the fungi and consequently the spread of decay 
are arrested. 


* Hartie. “ Lehrbuch der Baunikrankheiten/* Berlin, 1901, 3id ed. 
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2. Defects in the Physical Properties of Wood. 

(a) Visrolouraiion. 

Any abnormal diBColouraiiou of the sapwood or heartwood 
usually denotes disease and tlie coiumeiicemeiit of decay in 
wood. Many fungi may be determined specifically by the 
nature of tliese coloured stiipes or s2)ecks in wood. Some 
abnormal colours, how'cver, do not denote any fungoidal 
attack, as when pale zones resembling sapwood appear in 
the heartwood of oaks, in tlie pale heartwood of suppressed 
stems, in cold cliuiates or in the rootstock of several species 
of trees. 

[In oaks the pale heartwood forming a zone 1 to inches 
wide in the midst of the normal heartwood and termed 
mondrhujy or lunure, on the Continent, may here be called 
internal sapwood to distinguish it from wind- shake and cup- 
shake, when the defect is confined to a part only of an annual 
zone. It is termed ring-shake, when the ccmtral heartwood 
is loose. Internal sapwood forms tlie subject of an important 
paper by Emile Mer,"^ from which most of the following 
paragraphs are taken. 

Severe winter-frost may kill the cambium of a tree, in 
which case the tree dies. In other instances, it is found that 
the sapwood just inside the cambium is killed, but that the 
cambium is not killed, and continues to produce wood 
externally. In such specimens the central zones of wood 
have no connection with the external zones, a dark ring 
usually separating the dead and living wood. There is no 
external evidence of this frost ring-shake, but when the tree 
is felled the internal core of the wood separates at once from 
the external wood. Specimens of frozen wood are in the 
Oxford Forestry Museum and in that of the Forest of Dean, 
where not only the main stem of an oak, but also its branches, 
are in this condition, the internal wood being quite loose from 
the external wood in which it rests like a metallic casting 
in its mould. In this case no decay is discernible in either 
the external or internal layers of the wood. 

It may, however, happen, as in the cases described by Mer,, 

* Boppe et Mcr, “ La luuui-c.’' Kev. cies Eaux et Forets. 18U7. 
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Sal the sapwood immediately inside the cambiiira is not 
dlled by the frost, but its vitality is so impaired that it 
jannot form thyloses, nor is its contained starch converted 
:ully into tannin, as in ordinary oak heartwood. Such wood 
s therefore internal sapwood, diflferentiated from normal 
aeartwood by its light colour and by the presence in it of 
jtarch ; its vessels also are without thyloses, so that it absorbs 
intiseptics which normal oak heartwood will not absorb. 
Eence if a solution of sulphate of copper be poured on the 
iransverse section of the wood and the wood dried, the 
nternal sapw^ood has a bluish tint, while the normal heart- 
vood retains its natural colour. Henry, Professor of Natural 
Elistory at Nancy, showed 
ihat both exteriial and iiiter- 
lal sapwood contains only 
ip to 2 per c(3nt. of tannin, 
vhile heartwood contains 
) to 7 p(jr cent., the (pianiity 
liminishing as true sapwood 
s approached. 

Mer examined numerous 
jpecimens of oakwood at 
Slancy and found that the 
Dost recent ring-shake in 
hem dated from 1879, a 
jevere frost-year, after which 
!or several years narrow annual zones of normal heartwood 
vere produced, followed by zones of heartwood of ordinary 
vidth. The zones for several years anterior to 1879 were of 
irdinary width, but were not converted into heartwood, and 
'ormed the belt of internal sapwood. Mer found many cases 
)f internal sapwood dating from frost-years earlier than 1879, 
mch as the severe winters of 1829, 1794 and 1789 ; those of 
1879 were quite sound, but those of 1829 were red, showing a 
jomrnencement of decay, and those of 1794 and 1789 were 
jrown and decayed, emitting a fetid odour not found in wood 
mffering from red-rot and said by Mathey to be caused by a 
ieoomposing ferment produced by Amylohactcr, Fig. 60 shows 
hiernal sapwood, (a) sound and {}>) unsound, though it is not 



Ki}'. OO. -Internal «apwoo<L 
a J'ale. h (After Uoppc.) 
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usual to find both sound and unsound internal sapwood in the 
same zones. 

Nanquette states that it is difficult to detect by mere inspec- 
tions sound internal sapwood in oaken staves, as when the 
wood is long exposed te the sun and air its tint becomes 
indistinguishable from that of normal heartwood; it may, 
however, be detected readily by pouring water on tlie wood. 
Internal sapwwd is as perishable as ordinary sajnvood and 
soon decays in beams, and in planks gets wormeaten. Mathey 
says that mucli pairjmU flooring near Lyons containing 
internal sapwood has been attacked by canivulatas. 

Wood containing 
internal sapwood 
when used for 
staves renders 
them brittle, so 
that casks thus 
made are not 
strong and give 
a mouldy taste 
to wine. 

This defect 
occurs in all 
kinds of oak- 

wood, according 
FiV (U. — lieeeh wood uiinred bv lire. (After Uoppe.) . t,. .. . 

^ ^ ^ to Mathey; it is 

commonest in the wood of sessile oak, being rarer in that of 
pedunculate oak, while Quercus tardissima {rhhie dc Jtiin), 
whicli may be named the June oak, appears to be exempt 
from internal sapwood. 

Burned Wood. — The cambium of standing trees may be 
killed by fire or by the sun, the latter causing sun-blister, or 
bark-scorching, which is described in Yol. IV. Fig. G1 shows 
a section of beechwood injured by fire. Beech and ash are 
specially liable to this form of injury owing to fires made by 
wood-cutters, but also frequently Scots-pine trees are rendered 
unsound at their bases by ordinary forest fires. Huch viood 
is useless except as firewood. — Tr,] 

Wood with red or brown streaks is not uncommon in spruQgii 
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or silver-fir, but somewhat rarer in the Scots pine. These 
streaks occur in two forms. Red streaks apj^earing simul- 
taneously from the external surface towards the pith, through 
the whole length of a log, are caused if a barked log with 
superficial air-cracks is floated or rafted, or placed in a wet 
place. It is especially the air-cracks from which the red 
streaks start, that induce the growth of fungi the nature of 
which has not yet been determined. The longer the influence 
of the unfavourahle environment continues, the deeper goes 
the mischief, wliich first affects the sap^vood. Such wood is 
more or less unserviceable as timber, according to the extent 
of the decay to which it is subject : Hartig and Sei)p have 
written on the red streaks in the wood of spruce and silver-fir 
from the Bavarian Forest, but the above remarks are founded 
chiefly on Mayr’s observations. 

A second form of red streakiness starts from a centre 
of decay, either in the stump or roots, or from the occluded 
snags of dead branches. It extends both up and down the 
stem. 

Blue- streaks appear in the sap wood of logs of the Scots 
pine when they have been exposed for some time to damp, and 
a fungus, Crratostnvia pili/eray has gained admission to the 
wood owing to injuries to the bark. The commencement of 
this disease affects only the colour but not the hardness of the 
wood, though Schwappach and Iludeloff have shown that its 
elasticity is thus impaired. 

Black-streaks ^in the sapwood of spruce and silver-fir, so 
that even the whole of a cross-section of the sapwood may 
leconie completely black, occur in logs 'which have remained 
ying for some time un])arked. When spruce logs are felled 
ind stripped of bark in summer, drops of turpentine exude 
Tom numerous horizontal resin-ducts, and, between these 
Irops, the wood in a few days becomes grey and gradually 
blackens, so that it appears to be spotted. The fungus that 
causes this penetrates the borings of Tominis IbicatuSy from 
which also black streaks enter in the 'wwd. 

Dark-blue streaks are the first symptoms of the destruction 
iOi wood by two most dangerous fungi, Fames annosus and 
^pney-fungus {Armillarea meUca), both of which cause 
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root-rot in conifers. Usually they are found only at the 
lower end of logs. 

Violet-coloured streaks and bands penetrate the heart- 
wood of many species of walnut, Jvglans regia and 
J, Siehohliif instead of its being of the usually uniform brown 
colour. These are not signs of decay but raise the value of 
the wood, for the mottling of the wood may be due to alterna- 
tions of colour as well as to ripples in its structure. The 
woods of deciduous species of Diospgros, that grow in warm 
temperate countries, have alternately dark and light grey 
bands of wood. [Similarly, alternations of black, brown or 
grey colour occur in the heartwood of numerous species of 
Indian ebon^'-trees, tlie most striking of wljich are 1>. Kurzii 
and 7 >. quacaita, the latter yielding (^ilamander wood.-— Tr.] 

A bluish- green tint is assumed hy the wood of all broad- 
leaved and coniferous trees tliat are attacked by the fungus, 
Pezka aeruginosa, tin's is cbielly the case with logs and 
branches lying on the ground in moss or dead leaves. 

White streaks occur in the woods of oaks and other species 
wlion attacked by Sterenm hirsutuin and other fungi, and they are 
then said to be white-piped. 

Tlie white spots on a brown ground known as partridge- 
wood, though I\rayr says that the German woi'd for this is 
PeJdmnt (fawn-coloured) and not PebJiuhn (partridge), is due to 
TheJephora Pevdix, the true name of which is said by Massie 
to be Sterenm frustulosum. Wood attacked by Trametes 
Pini is spotted with white, and if by Fames annosns {Trametes 
radieiperda), with black spots on a white ground. 

Tlie red or greyish -brown coloured heartwood of beech, 
termed also false heartwood of beech, has been investigated 
by Mayr. He states that there are two kinds of this 
abnormally coloured heartwood : 

Colouring-matter round the pith, which has possibly 
a similar origin to the colouring-matter in the heart- 
wood of other species and has similar properties, namely, 
that of increasing its durability. When it appears in 
irregular patches on a cross-section of the wood it is 
prejudicial, as these patches can neither be stained nor 
impregnated. 
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[E. Hermann* states that the red heartwood of beech is 
caused by the obstruction of the cells of the medullary rays 
and part of the fibres of ordinary' heartwood by thyloses 
and gum, which completely fill the vessels. Crystals of 
oxalate of lime also occur, 'i'he gum is formed from starch 
by metastasis. Red beechwood is harder and heavier than 
normal beechwood. It is quite impermeable by water and 
antiseptics. When occurring in patches it is not a commence- 
ment of decay but a defensive coating cutting off injured parts 
from sound w’ood. Mycelia from rotting wood cannot infect it. 
Certainly it may be used for railway-sleepers, being more 
durable than beechwood injected with zinc-chloride. Although 
creosote will not inject red beech heartwood, the latter is of 
itself highly durable and when the softer wood around it is 
injected it is perfectly safe from fungoidal attacks, klathey 
states that its price in France, owing to the prejudice against 
it, is about 2</. a cubic foot less than ordinary beechwood. 

This red heartwood must not, however, be confounded with 
unsound beech heartwood and it is probably owing to the 
possibility of confusion arising between them that timber- 
merchants object to purchase it. — Tr.] 

2. True decay in beechwood is caused by a brown or 
greyish-brown colouring-matter. According to common 
opinion, decay in heartwood originates when decomposing 
matter from broken boughs, snags or holes in the upper part 
of a tree descends the stem. But irrespective of the facts : — that 
decaying heartwood surrounds the pith ; that in the central 
zones of heartwood there is scarcely any movement of water, 
which in trees does not follow gravitation, and that the injured 
vessels of branches become filled with thyloses, which are so 
many obstacles to the passage of colouring-matter that does 
not proceed from cell to cell ; — no reliable proofs are forth- 
coming to connect decay from broken boughs with decaying 
heartwood. 

Mayr states that injuries by mice or voles to young 
saplings cause decay in the heartwood. If the gnawed 
sapling is not girdled by such an injury, the exposed wood 

‘ • Kembildung der Rotbuche, " Zeitschrift f. Foist u. Zagdweseu.” October, 

Ud02. Majr says that railway-sleepers should not be made of red beechwood. 
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becomes occluded, but only after incipient decay of its 
surface ; this decay proceeds slowly round the wound in all 
Jirections, so that when' the tree is ripe for felling, from 5 to 
20 per cent, of the cross-section at its base and about 10 feet 
[)f its length are affected. This unsound heartwood is liable to 
further decay and cannot be impregnated by antiseptics. 

It is usually difficult to diagnose the health of a standing tree. 
The presence on its stem of bracket-like sporophores of Polypori 
and other fungi is a certain proof of unsoundness ; all other 
symptoms are deceptive, such as ; projecting occluded lumps in 
bhe stem ; swellings in the stem especially near its base (Fig. 
55) ; partly occduded snags with central depressions ; presence 
of ants or mice among the roots. There is no difficulty in ascer- 
taining whether or not a felled tree is sound; the axe can ))e used 
to cut into projections on the stem, while an inspection of the 
sawn surfac(i of its base is usually sufficient ; specially valuable 
boles may be split in two, as is done in the Spessart. 

h. Abnormal Srenfs, 

Any abnormal scent in wood, that may, however, be detected 
for only a few species, c.</., oakwood, denotes decay. When 
decay has gone very far the wood has a mouldy scent like that 
of fungi. 

c. Diminhhfd Tkirdi^enf^ aiul Sp. Wry/hf. 

If stem-wood is considered normal as regards sp. weight 
and hardness, branch- wood, especially the horny heavy 
branches of conifers is abnormally hard and heavy ; root-wood 
is abnormally light ; narrow-zoned coniferous wood is heavy, 
and narrow- zoned broadleaved wood, especially of oak, is 
light. 

d, Dofeeh in 1h(' Pronomic Properfws of Wood. 

In order to avoid repetition, it is sufficient here to refer to 
defective shape only. Besides a bent or conical shape in 
stems, that have been discussed already, excentrio growth 
deserves mention. The woody layers are excentric when the 
pith on a cross-section is not the centre of the more or lesef 
circular annual zones of wood around it. All plant-part ; 
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deviating from a vertical direction are exceniric, e.g.y all 
branches and roots ; the pith is above the largest layers of 
wood in coniferous branches (hyponasty) and below it in most 
broadleavecl branches (de Bary) * and in roots (epinasty). 
Similarly all stems that, owing to wind or snow, are oblique 
have excentric growth, i.r., the pith is nearer their upper 
surface. Von Sachs and Hartig refer excentricity to pressure 
or gravitation ; westerly winds exert pressure on a stem, and 
this causes the formation of wide zones of wood on its eastern 
side. The thicker bark on the upper surface of oblique stems 
and on the southern and western sides of border trees influences 
the formation of the wood, for the thicker the bark the less 
wood is formed. 

Wood is fluted when its annual rings are eremite, that is, 
wavy, as in the wood of hornbeam, Fig. 18, and of yew\ 
Fluting may occur also in other species, and especially in 
beech, underneath a large bough where tlie thickening of tlie 
stem is less, while it is very vigorous on the two pai’allel sides 
of the depression that is thus formed. 

There are two princii)al and several intermediale kinds of 
crooked stems. A stem may be spiral or curved (sabre- 
shaped) : the former defect occurs chiefly in the common, or 
Scots, pine,! the latter in larch. 

Spiral steins are the less valuable the shorter the distance 
bctw’een the windings of the spiral ; many entire stems are a 
part only of a spiral. This defect in the common pine is said 
by Mayr to be due to several causes, of which insufficient atmo- 
spheric moisture is the chief. The tree is worst-shapen in 
the driest part of its habitat, the south-west of Germany ; in 
the moister and optimum climate of the species, West and 
East Prussia, Poland, Courland and Livonia, it has a perfectly 
straight stem ; so also outside its optimum climate, in its 
most northerly habitat, «in the moist climates of Norway, 
Sweden, Finland and Russia. Even in less favourable parts 
of Germany it is found that straightness of stem improves a« 

* [Mayr says that all branch-wood resembles that of conifers in excentricity, 
-Tr.] 

t [As Pinus nylcedrin grows all over Europe at different altitudes, and is 
indigenous in England and Ireland as well as in Scotland, the term Scots pine 
tot it is a misnomer and its best name is Common pine.”— Tr. j 
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the temperature becomes less and the air moister, as in the 
Fichtel Mountains, between Saxony and Bohemia. Other 
causes of crookedness, but wliicli are less important than dry 
air, arc: injuries to saplings by game; loss of terminal bud 
or leading shoot by snow, wind, insects, etc. ; rank growth 
on formerly manured agricultural land ; shallow soil (rocky, 
or with a pan, etc.). 

[Very straight lofty Irish pines grow in the moist climate 
of Boneraile, County Cork ; also near Lake Thirhnere, the 
wettest place in Britain, with a thirty years’ average rainfall of 
84 inches. In fact the common pine grows well everywhere 
in the moist climate of the British Isles, provided the soil is 
a deep sandy loam, or even dee^) sand with sufficient moisture 
below, as at AVoburii. Compact clay or calcareous soils, or 
sand or gravel that is too shallow for its roots, will not 
produce line ])ines ; the best and straightest stems occur in 
mixture with beech, or on suitable soils in tlie cool moist 
climate of Scotland, wliere tlie fre(iuent curvature of young 
Scots pines is due chiefly to shallow notching of badly rooted 
nursery transplants. — Tr.] 

Curved stems are due chiefly to prevalent south-west 
winds, especially on sandy soils, by which a, larch stem is 
blown from its youth out of the vertical direction, while its 
strong upward growth contending with the wind-pressure 
gives the tree a curved, sabre-like shape from its base to its 
crown. 'J'his curvial shape may be due also to injuries or to 
a bending towards the light, if it l)e slightly oversliaded by 
' aiiotlier tree. In the larch a bend in one direction is not 
counterbalanced, as in most otlier trees, by a subsequent bend 
in the o^jposite direction, but continues in one direction only, 
to the great deterioration of its timber. In (Jermany, unless 
a thinning is made before or immediately after a cro^) of larch 
has closed in, not more than 20 per cent, of the trees will 
grow up straight. Isolated larches are nearly always curved 
in Germany. 

[Larch in Britain appears to grow^ straighter with its 
roots among boulders or in fissured rocks, oven near the sea, 
as at Weston-Super-Mare, on mountain limeslione. It is 
also straight and its beartwood red and sound on the oolitic 
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rock of the Cotswold Hills ; on shallow soils in situations 
that are exposed to the south-west wind it is curved, as in 
Germany. — Tr.] 

Curvature of stem occurs also in young broadleaved trees, 




and thes(^. should be removed in the early thinnings, even 
though, as is often the case, they are the most vigorous com- 
ponents i)f the crop. Poplars and willows in windsw(!pt plains 
all ))end towards the north-east, but are straight and not curved. 

On steep slo])es all 
species of trees have a 
curved base, the convex 
side of which is turned 
towards the valley ; this 
may he due to the sliding 
downwards of the snow 
ill winter and its con- 
sequent pressure on 
saplings and poles. The * Kiux-pittc. 

upper part of the stem is usually straight, and is vertical in 
conifers, but frequently oblique in broadleaved trees, oak, 
birch, etc., that grow out towards the light. The curved base 
of such trees may be useful for special purposes, but otherwise 
reduces the value of the timber. 

[There was before the construction of ivon ships a great 
demand for suitably curved or compass oak timber for the 
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Navy, and Fig, 62 showfl the usual dimensions of such pieces, 
which were specially valuable. Even now curved pieces are 
used largely in the construction of barges, and in the Forest 
of Mormal near Le Quesnoy, in the north-west of France, 
these curved pieces of oak are still sawn up by pit-saws in 
the forest and not in sawmills. Knee pieces, used in barge- 
making, are formed where a bough, or root, parts from its 
parent stem ; they may be of oak, pine, or spruce (Fig. 63). — Tr.] 

Forking of the stem is normal in isolated broadleaved 
trees at a short distance from the ground. In trees grown 
in dense crops it is abnormal when the fork is lower down 
the stem than about 30 feet, as valuable long logs should 
be over that length. Irrespective of bad silvicultural treatment, 
soil and climate, in a word, the locality, may cause a tree 
to fork. It is cortiiin that trees fork most on good soil, though 
the reason for this is unknown. If wo consider individual 
species, it is found that, in oak and beech, foiddng is repeated 
at regular intervals along a tree. Every crop of broadleavdQ 
trees affords examples of this, and ash is also specially liable 
to fork, owing to loss of its terminal bud. 

Beech trees usually swell at a fork, in the angle of which 
water collects, and this causes incipient decomposition of the 
wood below it, that is termed WaaserVopfe in German (water- 
cup). 

Silviculture teaches us to remove forked trees in thinnings, 
but the necessary preservation of the density of the crop often 
prevents this from being done too radically. [It is not, therefore, 
always advisable, owing to danger of windfall or of admitting 
^ sunlight to the soil, to cut out all forked trees in thinnings. This 
is especially the case in crops of silver-fir, where there may be 
many cankered trees that require prior attention. Mr. Ingold, 
insjiector of forests at G6rardmer, remarks on the difference 
between V and U-forked trees. When double leaders are 
united in a V, there is much bark between the two stems, foi 
their union is being constantly raised as they grow in thick- 
ness, while in XJ-shaped stems the two leaders are independent. 
The V trees are, therefore, very liable to be split by the wind 
or snow, while the U trees are much more resistant. The 
former only are, therefore, removed in thinnings. 
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In the case of hroadleaved trees united at their base to form 
two or more stems, except in early thinnings, it is best to leave all 
the stems rather than to cut one, as each stem has a lop-sided 



Fig. 04. — Four oaks each ten feel in girth. Forest of S. Gobaia near Laon, 


crown and when isolated is very liable to windfall, while 
together they have a united crown and frequently form a 
splendid clump of trees, as in Fig. 64. — Tr.] 

As rjegards branches of broadleaved trees, that in young poles 



154 PB0I>3EKTIES of woob 

' 'I 

rub against the main stem and against one another when the ’ 
wind blows and eventually become naturally grafted together or 
to the main stem, so that the poles would grow into worthless" 
trees, they should be carefully pruned or removed in early 
thinnings. 

On broadleaved stems in high forest, epicormic branches 
(water-sprouts) are produced, when tlie stems are set free 
from a dense crop; this cannot be prevented entirely 
by careful thinnings. As this premature development of 
epicormic branches is usually due to the want of vigour in 
their crowns, such stems should also be cut in thinnings in 
preference to those clean-barked poles, which eventually 
produce the finest trees. Jn standards over coppice, the 
production of epicormic Iwanches is normal after each 
cutting of the underwood and then they should bo pruned 
carefully. 

Sapling-shake (Heisterknick) is a defective bend in the 
stem of oaks at a height of about 0 feet from the 
ground. It is so named, because it depends on the 
planting of sa[)lings of (*> feet, their usual height, in oak 
woodlands. 


(\ Jh'fvrla in thi' ilivniifdl Propn'ii^^s of Wood. 

The investigation of chemical defects in wood has been so 
meagre, that only a few remarks on this subject can be 
offered. Cieslar proved that the relative mass of lignin, as 
compared with that of cellulose, in wood, depends on the 
amount of boat and light to which the tree has been exposed. 
Suppressed poles are, therefore, defectively constructed, for 
they contain too great a percentage of cellulose ; it is reason- 
able to assume that thus those economic properties which 
depend on the sp. weight of wood will be prejudiced. By 
lignification, science means the storing of lignin on the 
cellulose walls of tv’oody tissues, but in j^ractice, the word 
denotes the resting-phase of vegetation at the end of a growing- 
season, the hardening of yearling shoots and of the last 
annual woody zone, that are then said to be lignified. Sus- 
ceptibility to early frost of insiifiiciently lignified tissues does 
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not depend on a scarcity of lignin on the cell-walls, but on the 
presence in their interior of plasma, that has not been con- 
verted in the cambium and other parenchyma into frost- 
hardy resting-plasma. The further a plant-part is from the 
latter condition, the more danger it incurs from autumnal and 
winter frosts. [The tissues of delicate green-house or hot- 
house plants, Kucahjpli, Pintis pahistris, etc., in which growth 
continues in their native habitat till interrupted excessive 
draught, have no resting-idasma ready for the approach of our 
winters; they are, therefore, killed by the first moderate frost. 
— Tr.] Hence hardiness against winter-frost, in plants that 
withstand it normally, depends chiefiy on the preceding 
weather and treatment they have experienced. The prevalent 
opinion, that after the cells have parted with their contents, 
and even in dry heart wood, lignilication of tlie cell-W'all may 
still proceed, is in itself highly improbable, owing to the 
absence of plasma, and has never been proved to be true. 

Abnormal formation of gum, gummosis, occurs in the wood 
and bark of species of Pninus^ as well as in those of certain 
tropical lieos belonging to various natural orders {Aeavia 
Srih'ifdl said by (iambic to yield true gum-aral)ic, Panliinia 
rvtufid, etc.). It is due to metastasis, or chemical transforma- 
tion into gum of parts of the tissues. 

Resinosis, or conversion of the cell- walls into resin in 
coniferous wood, has been disproved by Mayr ^ (e./. resin-galls, 
p. 125). He has also shown that pathological conditions in a 
tree may cause resin to form. The outflow of resin in logs is 
not due to metastasis, but is a mechanical jn'ocess, the resin 
^being pressed out of the rosin-ducts by the drying and 
shrinking wood. In wounded living trees, the flow of resin is 
a physiological process caused by turgor of the tissues. 

All abnormal tints in wood, whether tluiy result from 
ferments caused by fungi, or without their action, are due 
essentially to metastasis, but little is known regarding their 
origin. 

* H. Mayr, “ Das Harz (ier Na'ielbaiime.” ISIH. 
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CHAPTEE IL 

FELLING AND CONVERSION OF TIMBER. 

Tins second chapter of this hook deals with the methods o 
felling trees and converting them into logs and scantling 
which are then handed over to the corisiimer. 

The foremost rule in conversion of timber is also common t 
ill industrial undertakings, and is as follows : — Consider care- 
fully the uses which may be made of the raw material, and 
lljcn act as far as possible without diminishing the pro- 
iuctivity of the forest, and in accordance with the current 
demands of the tnarket. ^ 

Since the produce of every forest conies under the inlluence 
of a special market, the wares refiuired by which are multi- 
farious, wliile local requirements, customs, and usages are also 
intlueniial, there must be many modes of conversion suitable 
for different localities. In the following sections, therefore, 
the results of experience are considered, their utility gauged, 
and a decision formed as to the basis of a rational system of 
Forest Utilization. 

SECTION 1. — Manual LAiiOun. 

1. General llnnarks. 

The productiveness of every industry depends on the number 
of available labourers, and on their skill and mode of organi- 
zation. Hence, the conditions essential for profitable forest * 
utilization are plenty of good woodcutters, and good arrange- 
ments for furthering their labour. ' 

The worth of a woodcutter does not depend only on the value of ^ 
the material which he can convert in a given time, but also ohi: 
his following the rules of Silviculture and Forest Protection. 

In all forest management based on the highest possible 
pecuniary return, which may be termed Economic Forestry, ill 
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is in Germany a general rule to entrust the fellings to wood-’ 
cutters under the pay and control of the forest-owner, and only 
exceptionally to employees of wood-merchants. The latter 
method was formerly more frequent, and is still followed largely 
in France and Britain, and occasionally in Germany. 

Speaking quite generally, whenever the sale of the 
wood will barely cover the cost of its conversion, timber- 
exploitation may be left to the purchaser of standing trees, 
either by the sale in block of all standing trees on a certain area, 
or by single marked trees. In high mountain-districts there 
are localities difficult of access, where frequently the conversion 
and transport of timber would cost more than its value, if 
done by other agency than that of the tiinber-iuorehant, such 
as State agency, or that of a private forest-owner. In such 
cases it is better to sell trees to a merchant. Where timber 
has to 1)0 given away to right-holders, in cases whore only 
inferior material is in question and there is no fear of the 
right-holders defrauding the forest-owner by taking too much 
produce, it is also better to allow them to fell and convei’t the 
trees. In forests belonging to poor communes, or villages, it 
may be more economical for the villagers to work-out the 
timber for tlieiiiBolves. 

In all Uiosc cases restrictions for the benefit of the forest 
must be imposed on the woodcutters, just as if they were 
directly under the control of the forest-owner. 

It is evident that only by the employment of woodcutters 
engaged and paid by himself can the forest-owner maintain a 
satisfactory and permanent labour-force, and this ho should 
always endeavour to secure. Such an object, howevei, is 
not always attainable, and though to secure this is occasion- 
ally easy, it is sometimes very difficult. This depends on 
local circumstances, and especially on lli (3 superfluity oi want 
of labourers, the duration of work in the forests, and the 
.conditions of employment offered to the labourers by the 
iorest-owner. 

liv The supply of forest labour fluctuates with the season of 
i^the year. Owing to increased production of wealth, to modern 
paws regulating industry and to the rapidly improving means 
transport, the conditions of labour have altered considerably 
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"during the last thirty years, and forestry has not remained 
unaffected. The woodman, who formerly remained attached 
to his hamlet, has freed himself from his fetters : he leaves 
field and forest, and proceeds to the centres of industry and 
manufacture where he hopes to get a better price for his 
labour, to lead a pleasanter life than in his lonely forest village, . 
and to acquire i)roperty more rapidly. A few years ago, 
owing to this migration of the villagers, the scarcity of labour 
in certain forest districts had become calamitous. The crisis, 
however, did not last long, and at present, many woodmen have 
returned to their former pursuits. 

The duration of work in the forest depends on the local 
extent of the forest area and the degree of intensity of forest 
management. Wlienever in an extensive forest district there 
is always full employment throughout the year, the inhabi- 
tants are closely attached to the forest. In such districts 
there is hardly any other industry but forestry ; and, even if 
other employment could be found for the men, outside or 
within the district, yet, provided they can earn the usual wages 
prevailing in the locality, forest work is preferred to any other 
industry by the greater part of the population, who have, as 
it were, grown-up in mind and spirit with the forest. Where, 
on the contrary, in districts chiefly industrial or agricultural 
the work in the few existing forests can be done in a few 
weeks’ time, forest work is only an auxiliary to the usual 
modes of occupation, the labourers have for it little taste or 
skill and can be induced to work only in a perfunctory manner. 

The Remuneration and other Conditions which the wood- 
men receive from the forest-owner should under all circum- 
stances be a fair equivalent for the amount of labour required, 
and suftico for the support of a labourer and his family. It is, 
therefore, clear that the more a forest-owner can identify his 
own interests with those of his woodmen, the more remuner- 
ative will be the management of his forest. 

2. Demands on the Woodcutter, 

People are apt to think that the demands made on a wood- 
cutter may be satisfied by any labourer who can use the axe and 
saw. This is indeed true in certain oases, but usually a certain 
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amount of skill, foresight, power of reflection and experience is 
required, attainable only after prolonged labour in the forests, 
which all workmen are not equally capable of acquiring, and 
is not found in an equal degree in all forest countries or 
districts. All industrial operations are more or less dependent 
on the skill of the workmen employed, and the demands 
which forestry make on labour form no exception to the rule. 

It is necessary to distinguish woodcutters of different 
grades of utility, and to distribute the work among them 
according to their capability. Whilst for work in high forest, 
clear-cuttings, coppices or thinnings, the ordinary labour 
force may suffice, natural regeneration-fellings and cutting of 
uneven -aged crops and mixed woods demand much more 
skilful hands. Tliere is a great diflerence between working 
forests for fuel, and working tluan for valuable timber or where a 
careful and detailed mode of converting the timber is re<]uired. 

Besides the deniandH made on skilled labour by special 
conditions of forest management, which vary with the locality, 
there are others of a general nature that must be made on 
every woodcutter, or gang of woodcutters, as regards order, 
capacity for labour, and control. A consideration of these 
points leads to a statement of the- conditions of agreement 
betwetai the labourer and the forest-owner, which should be 
explained lliorougbly to every woodcutter before be engages 
to work in a hjrest. Although these conditions vary for 
different forests, or localities, in order to provide for important 
local requirements, there are others wdiich prevail tlirougbout 
a wdiole province or country. Such general conditions are, 
therefore, decided usually for extensive forest tracts, leaving 
the specially local conditions to be added where necessary, 
penalties for breach of agreement being included. 

The following are the usual clauses in an agreement with a 
woodcutter : — 

1. General Conditions. 

A. Obligations of the Woodcutter. 

(a) Regarding his conduct during the engagement. 

(b) Regarding felling. 

(c) Regarding conversion of timber, 

, (d) Regarding removal of timber. 
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B. Obligations op the Wood- Stacker, and of the Foreman, 

C. Obligations of Men employed in Carrying and Floating 

Timber. 

D. Obligations of the Contractor. 

II. Special Conditions. 

III. Penalties. 

A, Obligations of the Woodcutter. 

(a) Conduct of Woodcutter. — As regards the conduct of 
the woodcutter, the following are the chief points : — 

i. No one is allowed to do other than the special work 

allotted to him. 

ii. Every woodcutter must be at work punctually at the 

appointed hour, and should work steadily and without 
intermission until the work is completed, except during 
the off-time agreed upon. 

hi. Any woodcutter absent without permission from work 
will be warned on the first occasion, and on the second 
will be considered to have vacated his work of his own 
accord. 

iv. No work is to be done before sunrise or after sunset. 

V. Every woodcutter is to provide his own tools in good 
condition and he should also have a two-foot rule. 
Wood for mending tools and for constructing huts for 
the workmen is provided by the forest-guards. AVhen 
the work is completed, all wood used for huts, timber, 
filedge-roads, etc., should, as far as possible, be 
converted into firewood. 

vi. Every woodcutter should be as careful as possible in 
carrying out silvicultural rules, and obey the special 
instructions of the manager and guards in this respeql^'^ 
He is also held responsible to report any infractions;- 
which have come to his knowledge, of such rules by ; 
any other workmen. 
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vii. The woodcutter is not allowed, either by himself or his 

family, to remove any wood from the felling-area. At 
the completion of the felling and convergion of the 
produce, all broken pieces, chips, and other wastage, 
will be divided among the workmen. 

viii. Each foreman is responsible for the security of the wood 

worked l)y his own gang. 

ix. Fires should not be made by less than six workinon, 
whenever a larger nimiber is present on a felling- 
area. Gi-eat care must be taken of the lire and it 
should be extinguished, or carefully guarded, every 
evening. 

Tillies under headings (b) to (d) as regards felling, conwr- 
sion, and removal of the timber will be given in the sections 
dealing with these subjects, and also with Ik and C. Special 
conditions, II., depend on local circumstances. 

III. Pknaltibs. 

The third part of the conditions of agreement gives the 
ponalticH for infraction of any of the above stipulations. 

Such penalties may be pecuniary, such as deductions from 
wages, temporary suspension from work, or dismissal, and, 
whenever the woodcutter ohtains certain privileges from the 
forest-owner, such as land for cultivation, wood, litter, etc., 
temporary or permanent deprivation of such privileges. 

Certain offences by woodcutters and other forest labourers 

are punishable under the forest law. • • j 

The penalties should be those usual in the district, and 
within the means of the working population. 

Deductions from wages and deprivation of privileges are 
the most suitable penalties for the poorer workmen. Wher- 
ever experience shows that penalties are unavailing, it is 
better not to include them in the conditions of agreement, 
for in such a case it is better to have no law than one 
that cannot be carried out. There are at jiresent many districts 
where this is the case, and where penalties cannot be enforced 
owing either to the poverty cf the people or to the scarcity 
; of labour. 
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(a) Genei^l Bemarks. — The remuneration to the woodcutter' 
for his labour consists chiefly in a regularly contracted pay-' 
ment, but partly in undertaking to contribute to his supjjort 
or tliat of his family in cases of accident, sickness, undeserved 
want, etc., and occasionally in s])ecial rewards paid to skilled 
labourers for ditlicult and unusual work. 

. One of the best means for retaining the sej'vices of the 
bettei pai t of the labourers for forest work is to allow them 
certain forest privileges gratis, or at reduced rates, such as 
small areas of land for cultivation during good behaviour. 
Friendly societies for saving money for old-age pensions or 
allowances during sickness, or for injuries, to which the foi est 
owner contributes in proportion to the regular contributions 
by the labourer, may be mentioned here. 

Among all these items the wages are naturally the most 
important ; those may be either contract- wages by the piece, 
and pro 2 )ortional to the amount of work done, or merely daily 
wages. 

Woodmen are emidoyed usually on piece-work, which is 
the cheapest and fairest method; daily wages are exceptional, 
and are given only when the trouble taken by the woi-kman is 
out of all i)roportion to the reasonable amount of work done, 
or, as ill forest plantations, where if the work be paid by the 
number of jilants, the latter will he jdanted cai'elossly, without 
proper attention to their roots 

« A piece of work done, or work-unit, may be measured in 
various ways, either by its weight, volume, or roughly-stacked 
rvdlume ; or by the chief determining measure of the w’ork, as 
for instance, the length and mid-diameter of a log, the yard of 
ditching, the hundred planting-holes of definite size, the 
single railway-sleepei-, etc. Weight is not much used in 
forestry as a unit of work, but the common unit for timber is 
the cubic foot, or load of 40 cubic feet for hardwood and of 
50 cubic feet for softwood, both cor resjioii ding roughly to a 
ton. Stacked firewood is measured by the cord (6 feet x 
6 feet X 6 feet) of 216 stacked cubic feet, and faggots by the ■ 
lliundred. 



Timber may be measured by its dimensions, and the 
liameter of different pieces may be used as a unit. Such a 
neasurement of bis work is more easily appreciated and 
jalculated by the woodcutter than wlien the cubic foot is the 
init for measurement, and it is also a fairer measure of the 
York done than the latter. It has not yet been decided whether 
it is more profitable, or not, for the forest-owner to measure 
the work for payment by the diameter of the })iece, or by the 
cubic foot, hut experiments made in Saxony are in favour of 
the former system, which is much the commoner of the two. 
Wherever logs are sold by their length and the diameter of 
the smaller end, these latter should also he taken as the units 
of Avork. 

Whatever uilit of work may be chosen, the pay-unit must 
now be calculated, and naturally this varies more or less with 
the time and locality, and depends chiefiy on the supply of 
labour ; the extent and variability of tlie demands for labour 
in a district for manufactures, agriculture, public works, 
traffic, etc. ; the actual cost of the necessaries of life ; the 
value of money measured in commodities ; the economic 
condition of the people ; the inclination of workmen for forest 
work, etc. Different measures may be taken to rectify the 
greater or less variability of the circumstances which affect 
wages. Either a permanent table of average wages is 
compiled, the wages being increased or diminished when 
necessary, or new tables of wages may be prepared annu- 
ally, according to the price of labour. In the latter case a 
written agreement to hold good for a year between the 
forest-owner and the workman must be made, and signed 
by both parties. 

Besides the fact that it really furthers economy to secure 
fair wages to the workman, it is also clearly in the interest of 
the forest-owner, as contented workmen will avoid waste in 
felling and converting timber, and damage to young growth. 
Care for the welfare of the forest depends more or less directly 
on the woodcutter’s work, and the latter will always turn the 
Hte of pay to his own advantage. The amount of care he 
^.takes of the forest will be always the less, the lower his wages 
;^e driven by the competition of other workmen. In forest 
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inanageraent, as in all great productive industries, the deter- 
mination at any time of fair rates of wages is of the greatest 
importance, and the question then arises, how should this be 
done ? 

(h) Determination of Bates of Wages.— It is clear that 
the woodman must obtain as high wages in the forest as he 
could get by a similar ex])enditurc of labour in any other 
rough industr y. Tlie forest-owner lias to compete for his labour- 
siiiiply with otlier industrial enteiprises ; lie may usually 
compete with them successfully when he remembers that the 
industrious woodcutter should receive wages for the hard and 
frequently dangerous forest work in ordinary fellings, some- 
what above those actually in force for other works in the 
district. This addition to the ordinary local wage depends on the 
favourable or unfavourable aspect of the circumstances affect- 
ing wages that have been already described ; it may be 
sometimes 10 per cent., 20 per cent., or even 30 2 >er cent, 
above the usual daily wages of labourers. The amount of the 
daily wage once settled, the next step will be to fix the pay for 
each unit of work in accordance with it. 

It is easy to ascertain from the results of the 2>revious year’s 
felling, what amount of work an industrious w’orkman can do 
in a day, /.c., how many cubic feet of converted timber he cai 
l^rejiare in summer in ten hours, and in six or seven hours ir 
winter, and in this way, given the rate of daily wage, the rat< 
per unit of work can be fixed. 

There are, however, several classes of wood produced ii 
each forest, and a distinction must be made between conver 
: fiion of fireAvood and that of timber of dillerent varieties. Ai 
[regards firewood, it should be noted that split billets ar( 
'frequently the predominating class. As regards classifiec 
timber, it cannot be 2 )redicted which class will predominate 
that depends on the mode of conversion and the size of th( 
trees, etc. Thus, in some districts, middle-sized butts foi 
eaw-mills—in others, averaged-sized logs— will be the materia 
,on which the woodcutter bestows most of his labour, and foi 
^ which the rate should be fixed. Firewood and timber ar( 
produced by all forests, so that there are two standards o 
rates of pay, of which one is for a cord of split firewood, anc 
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the other for a unit of that class of converted timber ^Yhich 
the forest yields most abundantly. 

(c) Scale of Wages.— The standard rates, tberefore, consist 
in those paid for cordwood and for one kind of converted 
timber : but on every felling-area there are several—ofton 
many — classes of timber and firewood, tbe. preparation of 
which does not exact the same amount of labour, or the sale-* 
values of which are highly dissimilar ; there must tluirefore 
’be several grades in the rates of pay for piece-work. Those 
different piece-work prices are always multiples, or parts, of 
the two standard rates of pay, and in their case the amount 
paid, besides being, as far as possible, i>roportional to the 
work done, should also be proi)ortional to the sale-value of the 
converted material. 

% 

As regards the former of these factors (the expenditure of 
labour on any work) n)und Inllets are prepared more easily 
than split- wood, and should bo paid for at a lower i*ate ; whilst 
the preparation of 100 hean-sticks should cost less than that 
of 100 h(»p-polea. 

The amount of labour involved in the work is, however, 
made subsidiary to the sjile-value of the outturn, and the < 
maxim of making the labour-charge for preparation of more 
valuable material higher than for what is loss valuable is of 
the hight‘st importance. Thus, the preparation of the htdter 
classes of logs or scantlings is remunerated mor(‘, highly than 
that of the lover classes, even when the amount f)f labour 
expended is the same in both cases ; this is especially true for 
long pi(‘,ces of valuahhi timber, provided the diamete.r at the 
small (itid is up to standard ; a higher paynumt would ])(3 
made for the. entire piece than if it had lunm cut in two, 
although in the latter cas(^ more labour would hav(^ been 
expended. 

There are forest districts where, in the interest of tlu3 forest 
owner, the wages of woodcutters are allow(id to rise and fall 
with the sale-prices of the outturn ; as in parts of the Hchwarz- 
• wald, and especially in the forests of the Prince of Furstenberg. 
The best plan is, therefore, to pay relatively the highest rates 
for those pieces, the sale of which is most profitable to the 
owner, and to pay the wages corresponding to the labour 



involved only for less saleable pieces, the number of which the^^ 
owner wishes to keep as low as possible. Thus, payment for 
wood from the stump and roots of the trees is kept very low, 
to prevent material fit for straight, split, or round cordwood 
being thus used, and especially to keep down as much as 
possible the amount of root- and stump-wood. 

(d) Area where the Same Wages Prevail. — Once the scale 
for labour-payments has been decided, it may be applicable to 
a forest district, range, or working-circle, but sometimes only 
to a particular felling-area. Thus, where the locality is un- 
favourable, as, for instance, on steep, lofty slopes ; in fellings 
where special care has to be taken of the material, or of the 
regeneration or tending of the forest ; in very remote felling- 
areas* where the woodmen have far to go to reach their work ; 
where the trees to be felled are far apart, so that there are 
difficulties in collecting a}id sorting the outturn ; and in 
several other cases, — greater demands are made on the 
labourers than where opposite conditions prevail. 

The preparation of forest accounts is much simplified when 
the same rates of payment are made in all the felling-areas of 
the same forest range. In level, uniformly-stocked forests, 
and especially where only one species of tree is grown, such 
simplicity is often admissible; but in the case of irregular 
woods and unlike conditions, the forest-owner will find it to 
his profit to have different rates of payment for different 
localities. 

Thus, we have various rates of payment for piece-work that 
rise and fall with the local daily wage. In allotting these rates 
according to the different kinds of produce, too much detail 
should not be attempted, so that the accounts may not become 
too complicated. An exception to this maxim arises only in 
the case of forests yielding highly valuable timber. 

(e) Wages for Barking Trees, Stacking Firewood, etc. — 
When the rates of payment for felling and converting the 
timber have been settled, it is usual to enter in the agreement 
the rates for barking the trees, also for collecting the timber 
and stacking the firewood. The latter work usually involves 
only one rate, but in the case of collecting the timber in 
temporary forest depots, the . greatest differences of ratefi 
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compared with the average rates for pieces of tlie same size, 
may prevail. 

In level land, it is necessary to convey the converted wood 
only to the nearest road, or timber-depot, and the amount 
of labour involved is practically the same in all cases for 
pieces of similar dimensions ; but in mountain-districts there 
are, as a rule, great differences in this labour, and it is 
usual to fix different rates for each felling-area at different 
altitudes. [In Britain it is a common practice to pay for 
felling and barking oak trees by the ton of bark that results 
120 cub. ft. of timber usually yielding a ton of bark. — Tr.] 

(f) Daily Wages.— There are cases where either the work 
done cannot be measured, or special demands are made on 
the ability, experience and care of the workmen that must 
be considered in fixing wages, for in those cases it is quite 
exceptional that the work is at all proportional to the 
energy expended on it. If a special agreement cannot^ be 
mad(i, daily pay should be given. Thus in cleanings or 
early thinnings, in pruning trees, the work done cannot be 
measured. For constructing the various means of water- 
transport ; making or re, pairing roads, slides, bridg(‘H ; build- 
ing substantial huts for workmen; setting-up fenc(}S, and so 
on, the skill of a carpenter or engineer is required, although 
it is frequently only a woodcutter who does the work, and then 
he should be paid in proportion to his skill. Only ex- 
perience can guide the forest-manager in settling a fair wag€ 
for such work. 

All the above conditions regarding wages form the terms oi 
a written agreement between the woodcutters and the foresi 
managers as a rule ; an agreement should be for an indelinitf 
time, with a stipulated period for notice by either party of it* 
termination. It is wrong to make the agreement only for t 
year, as there may be difficulties about renewing it. It if 
also wrong to delay a fresh agreement until the workinei 
give notice of dissatisfaction with the current rates of pay 
this may dissolve the friendly ties between the workmen an< 
their employer. 

The woodcutters’ agreement, therefore, provides for it 
.renewal and for notice of terminating it, also for the rates o 
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pay, and manner of payment. It should be signed by all the 
'workmen and by the forest-manager. 

4. Ovijanisation of (hr Laboiir-(jlaii(f, 

(a) General Account— It is evident tliafc the efficiency, as 
regards ^luality and quantity of outturn, of tlie whole force 
of la])ourers employed in a forest, leaving out of consideration 
their special aptitude for the work, depends greatly on the 
supervision the foresters and forest-guards can exercise over 
them. The influence and tlie possilulity of its leading also to 
useful results depends on the relations of the woodcutters to 
one another, and on their attachment to the forest and its 
interests. All tliis varies considerably from place to place, 
and in certain cases it is hardly possible for the forest-manager 
to exert the d((sired influence, whilst in others he can do so 
quite easily. In ordcu', however, to do what is j^ossihle in this 
respect and supervise the hundreds of woodcutters who may 
be employed in any forest-range, as well as to distri])ute them 
suitably among the different felling-areas and pay them pro- 
portionally to their labour, a certain organisation of the whole 
force of labour must he instituted, subdividing them into 
gangs and parties, and appointing from amongst themselves 
certain influential persons as forenu'ii and heads of j)ai'ties. 
Usually the gangs are comj)osed of all men coming from the 
same village (or district), and their leader is termed afoi'oman. 
A party consists of the number of men, not less than two 
or three, required for complete felling and conversion of a 
certain lot of trees. The paity chooses its own leader, woihs 
together and divides the ])ayment for the work done into equal 
parts among its members. 

Considerable importance should be attached to the choice of 
the foreman, as he is the intermediary between the workmen 
and the forest officials and is more or less responsible during 
the absence of the latter for the conduct of the woodcutters. 
On account of the indispensable nature of his services it is 
u advisable to attach him as much as possible to the forest and 
to keep him constantly employed ; he should also have special 
. privileges. He usually settles the accounts with the men, 
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and obtains a small percentage of the total payment for 
doing so. 

The connection of the woodcnitcivs wiili one another varies 
in different places, depending partly on the i)ossil)ility of 
carrying out the organisation already described, and partly on 
local laws regarding w^orkinan and employer. It ivS often very 
difficult to enforce penalties against the woodcutter for non- 
fulffhnent of the contract, or agreement, made between him 
and the forest-owner, although it may be advisable if jKjssible 
to secure such an agreement. Whether an agreement is made 
with all woodcutters or with some of them only, or with the 
foreman on behalf of the other men, depends on the particular 
class of labourers to be dealt with. Woodcutters may bo 
classified as follows : — 

(b) Non- Associated Woodcutters. — Where forest blocks 
are found scattered amongst agricultural lands, forestry is 
only an accessory means of employment for the people, and 
no regular gang of woodcutters exists. The men engaged for 
forest- work are a motley crew following all callings and with- 
out any connection with one another. The attachment binding 
the woodcutter to ilie forest is in such cases generally of the 
sliglitest Kind, and (iveu if a legal act of agreement he made 
between him and the forest-owner, it will he only of a tem- 
l)orary nature, depending on his own interest and liking for 
the work. In this class there is no association between the 
different woodcutters, each man works ind(ipendently of the 
others, oi* they may work in pairs in the case of sawyers. 
Vwy often such a gang of woodcutters is composcjd of quite 
different individuals at the close of a felling to those wlio 
commcuciul work on the same area. Jii such cases, if the 
forest-manager wishes to secure attention to the most lujces- 
sary protective rules, Ik*, must make a separate agreement 
with every labourer. 

(c) Associated Labour. — In extensive forest districts in 
plains and mountains the conditions of labour differ greatly 
from the above. The chief means of livelihood of the inhabi- 
tants are then obtained from the forest and the work it affords ; 
the people consider it an honour for a man to be employed in 
the forest, and forest work is preferred to all others which 



may offer. A few of the people possess all the best qualitie^j: 
of these woodcutters, and are most attached to the forest and 
most trustworthy in working, and have much influence over 
the other men. In such cases it is sufficient for the forest 
owner to make agreements with the more influential ‘wood- 
cutters when they are sufficiently numerous to form a regular 
enrolled gang constantly employed in the forest, and have a 
common insurance fund to which the forest- owner contributes. ^ 
Such a labour-gang is strengthened from time to time, as 
necessity arises, by engaging other men temporarily. 

(d) Contractors’ Men. — Sometimes the legal act of agree- 
ment is made by the forest-owner with a contractor, who 
undertakes to supply all the men required for any definite 
piece of work in the forest. Contractors are frequently active, 
influential and fairly wealthy men who have considerable tact 
in managing woodcutters. This assistance simplifies matters 
for the forest-owner, as the contractor has all the worry and' 
trouble of managing and supplying the labour-gang, and of 
paying them in detail for the work done. In extensive forest 
districts, insulliciently supplied with experienced foresters or 
forest-guards, or where the woodcutters are very experienced 
and trustworthy and the work can be largely left to them 
without much supervision on the part of the forest staff, it is 
often better to entrust the conversion of the timber to an 
experienced contractor who thoroughly knows the capacity of 
individual workers, and can give full security to the forest-' 
owner for good work. This system has, however, its shady 
side, as contractors sometimes defraud their men. 

The contractor is often obliged to bring his men from a 
distance (as in the case of Italians employed in Germany); 
he then requires pecuniary advances and concessions, 
which are not necessary under ordinary circumstances. 
Timber- work is largely done by contractors in the Black 
Forest, Alps, Hungary, Galicia, and in many extensive forest^ 
districts of the North German Plain. In the Alps the con?-, 
tractors are frequently mayors of villages. Although, strictly 
speaking, the contractor is responsible for the conduct of hif 
men, the forest-manager does not abstain from direct superb 
vision over them, and it is evident that the contractor musi 
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be bound legally by conditions covering all the interests o! the 
forest owner. 

In the case of extensive damage to forests by wind, insects, 
snow, etc., when there is an extraordinary amount of material 
to be converted, it is generally necessary to entrust the work 
to contractors. Often in such cases the w^orkmen are brought 
from a distance, as Italians in South Germany, etc., and it is 
necessary to make arrangements which the ordinary course of 
forest-work does not require. 

In the years 181)1“ 98, damage by the nun-moth in 
8. Bavaria rendered recourse to contractors necessary. About 
10,000,000 tons (9,908,000 c.m.) of dead wood had to be 
felled and converted as speedily as possible. A band of 
about 8,000 men had to be imported and organised. Twenty- 
five barracks with heating-apparatus and beds had to be 
built, each for 50—00 workmen, and provision made for 
feeding them^ with medical attendance, hosiutals, and a 
police force. Telephones were installed, and the number of 
forest-guards increased considerably. It was necessary to set 
.up a temporary ofiice, with clerks and accountants. All this 
was done with such skill and financial success as to bring 
great credit on the BaWriaii Forest Department. After ibis 
work had been completed, forest management returned to its 
ordinary channels. 

(e) Work done by Forest Settlers. — Hitherto it has been 
presupposed that for ordinary fellings the necessary labour- 
gang could be secured within easy distance of the forest, but 
there are forest districts where the population is so scattered 
and scanty that the needful force of labour cannot be obtained 
in the neighbourhood ; the manager is then oi)liged to engage 
labourers from a distance and settle them in a regular colony 
. within his forest. It is evident that only in the last extremity 
^ of scarcity of local labour would a forest-manager resort to 
> such an expensive measure as the above. 

Such colonies of forest-labourers are found at Herrenwies 
-in the Black Forest, and in other parts of Germany, also in. 
I certain districts in Hungary. The settlers must be supplied 
[ y^ith houses, food, medical attendance, schools and churches, 
Idiots of land to be pultivated and meadowy-land for each 
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head of a family, also litter and firewood ; even their widows 
and orphans must be maintained. 

[Imported labourers from Cliota Nagpur are largely em- 
ployed in the Assam tea-gardens under conditions similar to 
the above, but the Indian Forest Department has hitherto 
been able to dispense with the necessity for resorting to such 
a class of labour. — Tr.] 

5. 77/r Forest Tjdhanr -question. 

As already stated, the position of labourers has altered 
greatly in the last forty years, and instead of the former con- 
sulted, industrious woodcutter, forest management has to deal 
with a fluctuating proletariat. The forester is called upon to 
improve this state of things, not only on the grounds of 
national economy, but also from a special forest economic 
point of view ; although he cannot control all the factors in 
the question, he can to some extent assist in organising a 
physically and morally strong force of woodcutters. Some 
notes showing how he should proceed to gain this object ar6 
given below. 

Wages should be high enough to remunerate fairly the 
hard forest work and the increasing dearness of living. The 
supposed gain to tlie forest-owner by low wages is often con- 
verted into a loss, ton times as great, by bad workmanship, 
while moreover damage is done to the forest. The maxim of 
the lowest possible wage is much more objectionable in forest 
w^ork than in any other industi-y. 

It has long been admitted by experienced foresters that it 
is highly advantageous to fix remuneration for work done, 
at rates proportional to the sale-value of the outturn. Let 
the rougln^st kinds of work be well paid, but fix rates at 
least double the ordinary ones for valuable produce. The 
amount the woodcutter thus gains will secure from him an 
intelligent and profitable conversion of the felled trees, will 
excite his attention and care, increase his utility and enable 
him at the same time to increase his own earnings. Small, 

wards also should be offered to woodcutters for new tools, 
vision ' i^Bproveinents. 
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The system of giving the work to contractors should be 
abandoned, whenever it is known or suspected that tlie con- 
tractor is making more ttioney that is absolutely necessary out 
of the workmen ; in such cases direct dealing with the latttsr 
should be substituted, or other means taken to protect the men 
from imposition. 

In order to induce good woodcutters to become attached to 
the forest, as far as possible, permanent work should be pro- 
vided for them ; certain works should bo kept in abeyance, so 
that as soon as the harvest or other agricultural business is ' 
over work may be found for the strong young woodcutters. 
Naturally, in such cases, the best and most trustworthy men 
will be most favoured. xVttenipts also should lie made to 
lighten the men's work, by constructing woodcutters’ huts 
in remote felling-areas and introducing labour-saving 
appliances. 

Another elective incentive is to oiler the men forest privi- 
leges at low rates. Such privileges are highly valued by 
country people, and they think nothing of the labour involved 
to themselves in taking advantage of them. 

Within the limits allowc'd by I'orest Protection many a 
privilege' of little value may be bestowed, which is paid for ten- 
fold by the services of good woodcutters. Such are : - assign- 
ing small allotments of forest lands for cultivation at a low 
rent, during the good behaviour of the woodcutter ; or of 
building-timber, at cheap rates, for the construction of new 
. woodcutters’ houses, or repairs of old ones. 

Appointments, when vacancies arise, of useful woodcutters 
who have served long in the forest, as forest-guards, fire- 
w^atchers, road-guards, foremen, etc., can be given but rarely, 
but may be mentioned with the other means of attracting 
good men to the forest. The frequently indilferent pay of 
. forest-guards, and in Germany, the preference given to old 
soldiers for these posts, often render this impracticable. 

In many forest districts friendly societies are established to 
which every woodcutter is obliged to contribute a certain per- 
centage of his wages, and the forest-owner also contributes 
proportionally. From these deposits allowances are made in 
of sickness or accident, and usually also to old wood- 
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cutters' widows and orphans. If these societies are to be real 
incentives to a steady labour-force, they must dispose oi 
; sufficient capital and offer real and sufficient help in times ol 
need. Several of those funds are very substantial concerns ; 
as at Clausthal in Hanover, in the Sihlwald belonging to the 
town of Zurich and other localities. There is now a general 
Imperial Fund for the whole of Germany to provide insurance 
against accident, and i)ensionH in old age for workmen of all 
classes ; from this fund the best results may be expected. 
*In Bavaria, by a State decree of the 2t)th December, 1898, 
this now includes allowances to forest workmen in cases ol 
sickness. 


Section II. — Woodcutters’ Implements. 

Although custom, experience, and skill may to a certain 
extent supply the w^ant of good imj)lements, it cannot be 
denied that, in every industry, not only more but better work 
can be done with good tools than with bad ones. This must 
necessarily be the case in forestry, and the more so, the loss 
skilful and experienced are the woodcutters who are employed. 
The supply of good implements is, therefore, an important 
object for the forest-manager which he must always keep in 
view. 

Woodcutters’ implements are classified according as they are 
used for hewing, sawing, splitting or grubbing-up the wood. 

1. Hewing Implements, 

Hewing implements include felling* axes, trimming-axes 
and the billhook. The two former are heavier than the last, 
and are used with both hands on large timber, whilst the 
billhook is used with one hand only, for cutting saplings and 
brushwood. The two kinds of axes differ, in that the former 
is sharpened symmetrically on both sides of its edge, and is 
used for converting wood in the rough; the trimming-axe. 
is used for shaping the wood, it has an unsymmetrical edge, 
flat on one side and sloping on the other. I 

Axe- heads of both kinds are made out of oblong pieces of iron"' 
. which are beaten thin at the ends, and then bent to form an ey^| 
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■for the handle. In order to give the axe a sharp edge, a wedge- 
::$liaped piece of steel is placed between the thin iron ends, and 
they are then welded together, or in the trimming-axe a steel 
plate is welded to the side which remains flat. 

The felling-axe is the handiest of all woodcutters’ tools, 
and in cases of necessity, however improperly, it may be used 
as a substitute for almost any other tool. It consists of the 
axe-head and handle, the latter made of a tough split piece of 
ash, hornbeam, beech, robinia, hickory or whitobeam; the hole 
in the axe-head into which the handle tits is termed the eye, 
and usually widens-out on the side opposite that where the 
handle is inserted, to allow of a wedge being driven in to hold 
the handle firmly in its place. The part of the axe away 
from its edge, including the eye, is termed the back, and may 
be curved or Hat, and in the latter case is of steel. The cut- 
ting part is termed the blade, which may also be either straight 
or curved. 

‘ The characteristics of a good axe are : that the edge shall 
be sliarp and the steel of which it is composed i)08soss the 
proper degree of tempering, so that when used, on tlie one 
hand, it may retain its cutting-edge without the latter becom- 
ing bent, and on the other, the edge may not be too bard, and 
break. As regards shape, the axe should form a tapering 
wedge tfith smooth sides. In order to reduce friction as 
much as possible, the sides of the axe should be slightly 
convex, or there should be a slight projection in the middle of 
the blade. The weight of an axe, its size and relative dimen- 
sions depend on whether it is to be used for hard and* heavy, 
or soft, light wood. In the former case the action is chiefly 
cutting ; a finer edge is then required and the axe should be 
lighter and thinner than one used for softwoods, which in 
all parts, and especially in the back, is thicker and broader 
than the hardwood axe, acting more like a wedge. 

In no case, however, should the axe be too large or heavy, 
;as it then fatigues the woodcutter and does not w'ork so 
economically as a lighter implement. 

The axe-handle is sometimes straight and sometimes curved, 
^eometimes parallel to the edge and sometimes bending from 
towards it. It is dif&cult to decide which shape is most 
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advantageous ; it is often made so as to taper away from the 
end, and thus afford a better hold. * ^ 

Fig. 65 shows the shape of the Konebeck American axe, the 
edge of which is made of compressed steel and lasts almost i 
indefinitely. It is said to tire the woodcutter less than any 
other axe, and can be used to cut horizontally. It is made in two 
sizes, weighing respectively and 7 lbs., 
including the handle, and costs from 15 to 
20 shillings a dozen. The handles are 
usually 2^ feet long, a longer one being 
inconvenient, though they are sometimes 
used up to 3.\ feet in the Spessart and 
eastern parts of the Black Forest. The use 
of these axes is sjireading widely throughout 
Germany. 

Two kinds of axes may be distinguished, 
viz. : the felling-axe, and the axe for cleav- 
ing or splitting wood. 

(a) Felling -Axes. — The felling -axe is 
used for felling trees, chiefly large ones 
which ofter considerable resistance to 
felling. 

Only exceptionally do woodcutters use two 
axes, the felling-axe and the lopping-axe, 
and the latter is not required in broad- 
leaved forests. 

The Saxon axe (Fig. 66) is quite straight- 
bladed from back to edge, and forms a com- 
plete wedge ; the faces are slightly curved 
Fig. (m.™ A merican outwards, the handle is straight, and 0*75 
meter (29 inches) long. The Harz axe 
(Fig. 67) is shorter, broader, and the faces hardly curved at 
all. The Bohemian axe (Fig. 68), also used in Moravia and 
Silesia, resembles the Saxon axe, but is bent downwards. 
The Carpathian axe (Fig. 69) is broader than those already 
described and is used also for splitting wood. The axe used 
in the Bavarian Alps (Fig. 70) is a light axe with a rounded 
back; the Black Forest axe (Fig. 71) resembles it, but is 
shorter, broader, and heavier, and owing to the large timber 
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** ^ Forest axe. 


The lopping-axe used in the Bavarian Alps (Fig. 72) is similar 
to the felling-axe but is stouter, and heavier, and flat in the 
back. 
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III tlif^ Banie region the doubltj-axe (Fig. 73) is used, whidi 
has a smaller head for small wood ; it weighs only 1*40 kilo- 
grams (3 pounds). The 'rimringian axe (Fig. 74) somewhat 







handles, they lighten the labour but render ju-eciftion in cutting 
difficult. The Finnish axe (Fig. 79) is the lightest of all, and 
only 0 inches long so that half its weight is sheathed on 
the handle. 

The main differtuiee ladween the. Anierieau axe and llu) 



various European axes consists in the devices for preventing 
its jamming and sticking in the cut. The faces of an axe are 
eilluir provid(Ml along their middle line with a prominent ridge, 
or as in the Pennsylvanian axe (Fig. (>5), are strongly curved 
outwards. Tlie blade of tin* latter is 
mad(^ of comi)res8ed Ht(*el, hardly wears 
at all, and works well. l>y genia*al con- 
sent this axe is conshhired to save labour 
and tire the men less than many German 
axes, owing to its convenicmt Jiandle and 
freedom from sticking ; it is used chi(‘tly 
for softwoods. [The American axe is not, 
ho\wever, adapted for liard, tropical wood, 
for which the use of a narrower and 
lighter ax<) is advisable.- - Tr. | 

(h) Trimming- Axes.— Thetrimining-axe i iir, ra —KinniKh tixe. 

is used by woodcutters for trimming-off 
side-pieces of balks, and by the carpenter in preparing timber 
for building and other purposes. Jii Germany it is usually 
of the shape given in J"ig. 80, having only one edge, the 
blade being curved inwards to allow sufKcient play for the 
hand of the operator. The handle is short, usually to 
1| feet, and the workman uses it sideways from the side of the 
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log he is trimming. Another shape (Fig. 78) is in use in" 
the Black Forest, being more convenient on rocky and difficult 


ground than the former. 

[Trimming-axes in India generally are shaped symmetrically, 
but much larger and heavier than ordinary axes, weighing up 
to 8 pounds and more. The workman stands on the top of 
the log and trims-off side-pieces by swinging the axe vertically 
and merely allowing its own weight to act. The handles for 



- these trimming-axes are to feet long so as to give 
sufficient momentum.— Tr.] , 

[ (c) The Billhook.- Billhooks may ho of various shajies ; 

, they are used cbielly for cutting coppice or fascines, and in ' 
lopping branches from trees. Fig. 82 shows the common 
'German billhook, the backward turn of the blade at its top 
l>eing useful in pulling out the ends of withes while tying , 
faggots. The Knglish fascine-knife (Fig. 83) is 21 inches long 
and very serviceable in cutting fascines. Fig. 84 represents 
' a very serviceable billhook; it is half an inch thick at the 
back, and has a cutting edge at a for cutting through branches 
placed on a piece of wood, as well as its ordinary cutting edge 
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Courval has invented a pruning billhook (Fig. M) xvhieh is 
16 inches long and weighs about 31 pounds: 
it is made thickest along its axis in order to 
add weight to its cuts. Accord! ng to Courval 
all kinds of pruning, even of large boughs, 
may be effected with this instrument. 





Fij?. sn. 


Fig. Kr>. 


Forms of billlHKjk. ('ourval'H tn’o-inuner. Ameri*;an Ihorn-hook, 

The American thorn-hook (Fig. 86) is used for lopping ; its 
head weighs to 3 pounds,'^ 


2. Saws, 

(a) General Account.— Saws are used by woodcutters for 
felling trees, and for reducing the length of logs and branches 
at right angles to their axis. A saw may be used for such 
a purpose much more economically than an axe, which wastes 
much of the wood. Under certain circumstances and on 
difficult ground, the work may be done more expeditiously 
with an axe. The amount of time spent in sawing may vary 
from 20 per cent, to 40 and 70 per cent, of the whole time 
of the woodcutters on the felling-area. 

be obialutid from J. D. Dominicus & Sons, Komscbeici-Vici'iDifhatwiem 



182 FELLING AND CONVERSION OF TIMBER. 

Formerly forent uawB were rolled out of wrought iron, and 
the rolled lilade was then hammered cold to make it hard 
and elastic. At ju-esent, sawa are made of cast steel, and work 
more easily than the older imjdements. Owing to the superior 
tough TU'Hs of the steel they retain their edge and set better, 
and, owing to their smooth sides, they cause much less friction 
in use than the iron saws. 

Saws have to overcome not only the resistance of the wood, 
but also tlie friction of their sides against tlu* rough surface of 
the wood wliich is being sawn and the sawdust that collects 
between the teetli. Their teeth act chiefly hy tearing the 
wood-iihres asunder % and so much the more, the more porous 
the wood and the longer and tougher the wood-filires ; this is 
therefore esjiccially the case with soft, liroadleaved and coni- 
ferous w'oods. In the case of hard broadleaved w'oods, this 
tearing action is Bupers(;ded partly hy a cutting action. The 
more a saw tears the lihres apart the, greater the amount 
of sawdust, which is therefore most abundant in the case of 
softwoods. 

(h) Mode of Construction of Saws. Saw’S are constructed 
diffonmtly according to the uses for which they are intended ; 
they vary in shape, length, weight, and shape of teeth. 

Th('y may he used either for large or small limber. In the 
forintu' case they cut botli ways, are w^orked hy two men 
and termed two-handed saws. In tlie latter case they cut only 
one way and are one-handed : sucli saws rarely exceed to 
2J feet in length, whilst the two-handed saws may bo 3.J to GJ 
feet long, their length being determined by the diameter of 
the piece to be sawm, and the distance through wdiich the 
arm moves. The w*eight of a saw^ depends also on its 
length. 

The construction of the teeth of saw\s varies considerably. 
Each tooth may be either symmetrical or unsymmetrieal, and 
the teeth vary in depth, thickness and distance from one 
another, each of which jioints affects the working of the saw. 

As regards the s]nii)e of tlie te«*th, a distinction must be 
made between those cutting one or both w^ays. In the former 
case they are shaped usually as in Fig. 87, that of a right. 
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angled triangle, the shorter side of the triangle or face of the 
tooth being at right angles, or nearly so, to the lino of their 
insertion on the saw. In Knglish saws the hyimtennse, or 
back of the teeth, is cut-oiit in a curve (Fig. 88). Such teeth 



are used only in the ease of one-handed saws, or in pit-saws 
used by woodcutters for sawing timber longitudinally. 

Forest saws which cut both ways resjuire teeth of a different 
shape. They are always symmetrical, and usually bounded by 



sii.-Kioot iloi! leoth. KiK. OO.— Tlic Itiirz «iw. 


Straight lines: dog teeth, as in Fig. 89 ; curved teeth, ns in Fig. 90, 
the Harz saw: or arc so-called M teeth, I'igs. 91 and 92, 
which cut both w'ays. American saw's have teeth as shown in 
'igs. i)3 and ill, in the latter, dog and M teeth are combined. 



Fiii. 91. »-• 

Simple M teeth. 



UcvclU'*! American teeth. 


Space must be allowed between the teeth for the escape of 
the sawdust, which requires four to six times the space of the 
wood from which it is taken. This is provided by giving the 
teeth a much greater depth at o i (Fig. 95) than their cutting 
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. . 1 Kitr jMn- S aw with imperfect toclh. 

9:..-Saw with deep intervaU i 

bet w»‘eii the teeth- 

in, Bplintcr. of ^nd ’j^en 

They may also Borve as cutting 

serviceable : — 

i. TivO’handed Sawn. 

Tlie two-handed forest saws comprise the straight, how, 

„d curved cross-cut saws ^ ^ 

'I'lio Btraiglit cross-cut saw ib ^ j 



Fig 97.— American saw\ 

W«ath 0. bMc o, 4i « 5, w-.. 
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slightly convex. They are used by Tyrolese and Italians to 
saw up railway-sleei>ers. Such saws are also used in hroad- 
leaved forests* where there is much largo timber, as in the 
Spessart and the Rhine \ alley. 

American straight saws, termed NonparoU saws (Figs. 9? 



and 98), from Risston & Sons, I'hiladelphia, are used now 
largely in Germany : ex])erience shows that their outturn in 
broadloaved forests is 95 to 40 per cent, more than that of 



the ordinary straight German saws. In coniferous forests 
on the other hand, they have not proved superior to the 
Tyrolese curved saw (Fig. 101). The Nonpareil saw is made of 



Kig. 100. Bohemian l>ow-aaw. 


the best steel, and has an ingenious contrivance for fastening 
and removing the handles. 

The bow-saw (Fig. 99), which partakes of the character of a 
straight cross-cut saw, has a straight thin hla<le, which is kept 
rigid by means of a Ixiw. More exertion is required to work 
than the other cross-cut saws, and it is serviceable only 
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when short. The wiflth of the blade varies considerably. 
Fig. 100 represents the l)r()ad blade of the Bohemian bow-saw. 
The bow is made of a sapling of spruce, rowan or hazel, also 
of elm and ash ; niCf3ntly it has been made of metal, with 
tension screws. It is much us<m1 in Xortli Germany, also in 
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Boliemia, Moravia and Bussia, but is not known in South 
Germany. 

The Tyrol(^s(* curved cross-cut saw is constructed as shown 
in Fig. 101, and the dog teeth arti often made longer in the 
middle than at the two ends, where tlu^y are less in use. 



These curvetl saws vary in length and curvature, and are 
cither straight or slightly curved inwards at the back; they 
are extensively used. 

The Thuringian, or Saxon saw (Fig. 102) may be taken as 
the type of a saw in uhich not only the edge, hut also the hack 
of the blade, is curv('d. It is a very light and short saw, but 
is strong and turns out good work. It is not suitable fui* very 
broad cuts, as when imule long it is not stiff enough. In 
spite of this defect, it has, however, recently been introduced 
into several districts in the Black Forest. 

K. Gayer and Kast* have tested the work done )>y cross-cut 

* (ia.ver u. Khsl Kur KininUimg ficr LeistnngsfUhigkcjt der 

W’aldsjigeu,'’ in liauj’ij fvirhlw‘bM;nK‘li. Zcntralbl., pp. H7 — 178. 



SAWS. 187 

saws and according to tlieir advice Pominicus & Sons have 
constructed an ideal saw, in their “ Non plus ultra.” This 
combines the advantages of the Tyrolese cuivedsaw, \Nith that 
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— “Noil plus ultra" saw of 1 loiiiinifus. 


of povforatioii of the blade (p. lOlX Hiich saws vary in 
length from 4 ft. 2 in. to 5 ft. 10 in., and weigh 3 Ib^i. 3 o/.h. to 
5 lbs. 12 OKS. and are sold at B.s*. 6d. to 13.s‘. each (Fig. 103). 

An important adjunct to all 
saws are the handles and the 
arrangements for fixing them to 
the blade. In the older saws» 
the blade terminates at eacdi end 
with spikes, which are driven 
into the wooden handles. 

American saws have, however, 
a better device, the blade not 
being provided with spikes, hut 
the handles fixed to it by means 
of screws and nuts, the former 
passing through holes in the blade, as shown in big. 1 . 

This allows the handles to he removed readily, and the blade 
withdrawn from the cut; the blade can even turn on the 
handle, Fig. 105. 

ii. One-hamhd Sates, 

One-handed saws are used chiefly for removing branches and 
for pruning : pruning-saws have been described in Manual 
of Forestry, Vol. II., 3rd ed. p. 287. In one-banded saws the 
blade may be kept stiff either by a bow or by being made 
sufficiently thick. In bow-saws the teeth are oblique and 
their points are inclined forwards if the work is done ^^ith an 
upward stroke, or backwards for a downward stroke. Abler s 
-.SjK)w-Baw (Fig. 106), has a removable blade arranged so as 



Pijr. loi. i'i^. le.j. 

UcniovaUlu Kuw-bandU's. 



' -■‘l^ 

to cut either way, with a bow that can be adjusted by means;; 

of a screw. [A frame-saw used in the North 
West Himalayas is shown in Fig. 107 ; the blade ; 
is of thin rolled steel and the teeth slightly 
set; it is kept stiff by catgut, which is twisted 
tight l>y the small piece of wood a, — Tr.] 
One-handed saws without a bow are 
stiffened by increasing the thickness of the 
blade, that diminishes from the teeth edges 
towards the back of the saw; they are used 
for cutting i)ole8 or Iminches, and are called 
Fox-tail saws.” 

Fig. 108 represents an American fox-tail 


Fig. 10r». — Aliler'h 

bow-saw. Fig. 107.— Iliinalayaii sjnv. (After ImtijuiuIc*/..') 

saw made by Disston A Hons, Philadelphia, for forest work. 
It is used for cutting logs of moderates thickness into lengths, 
and is very serviceable. It is constructed in lengths of 85, 4, 
5, 5^, and 0 feet long, and costs 8.*?. to 10^. 



Fig. lOS. 


In using saw’s for cutting-up poles from thinnings or coppic$ 
the woodcutter improvises a sawing-block, on which he cuts up i 
the poles into billets. This mode of sawing firewood isii 
greatly preferable to cutting poles into lengths with the 





19 ^ 


^ it is more economical of the wood, and, after a little 
experience, is more labour-saving than the latter method. 

iii. Machine-sairs, 

Attempts have often been made to fell trees by machine- 
saws, driven by steam or hand-power. Eansome’s steam-saw. 
manufactured by A. Koppel, Berlin, as shown in Fig. 109, 
is the best known in Germany. Hitherto the use of these 



Fig. 109. 


saws has not proved effective in European forests. In 
North America, where trees are either felled in tlie open, or 
wholesale in forests, without any care for the undergrowth, 
they may be serviceable : but chiefly the axe is used in the 
extensive Pacific Coast and mountain forests. 

(d) Mode of Using Forest Saws. 

This depends on the material of which the saw is composed: 
its shai)e, dimensions, curvature, weight, shape of teeth 
amount of set or extent to which the teeth are bent to eithei 
side of the plane of the blade, their degree of sharpness, and 
finally, on the kind of wood to be cut and the use to be mad( 
of the wood. The strength of the workman and his degree o 
skill in using saws are also important factors in the question 
although it is difficult to estimate them. 

The material of which the saw is made is so far important, a 
it determines its temper and how long it will remain sufficient!; 
sharp and retain its set. Saws rolled out of cast steel are bes 
in these respects. 

As regards shape, curved saws are preferable to straigh 
.ones, especially for coniferous wood, and a radius of 6 fee 
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giveH tlio nioHt suitable curvjiture for general work. The 
Noupar(‘.il saw is the best of the straight saws. 

For practised sawyers, working with a curved saw is less 
fatiguing and the motion cornjsponds better with tlio move* 
nient of tlui arms than in using strjiight saws ; the sawvercaii 
also w’ork in a more upright and less cramped position in the 
former case. 

With a carved saw there is also more room for the sawdust, 
and the latter is less hindering to the work owing to the 
curvature of the saw (Fig. 110). It must, however, be admitted 
that the use of curved saws recpiires more skilled and expe- 
rienced sawyers than that of the sti'aiglu saw, for the curved 
saw is more liable to stick when the blade is not always working 

in the same i)lane, a difficult 
thing to secure at first. The 
chief rule is to guide the saw 
lightly, and use no unneces- 
sary force. In the case, 
therefore, of unskilled saw- 
yers, such as men only 
occasionally emi)loyed in 
sawing, it is better to re- 

straight saw's. For skilful sawyers, in conifeious forests, the 
curved saw only should be used. 

As regards the length of savvs, there is more risk of the 
blade Ijcnding and buckling (or sticking in the wood), if the 
saw 1)0 too long, while veiy short saws tire out the sawyers, 
and cannot he used with large tinihei*. Jjengths from 4^ to 
5 feet, with a l)readth of HI inches withoiU the teeth, are the 
most eflective dimensions for a cross-cut sjiw. 

As regards the thickness of the blade, all saws should 
become gradually thicker away from the back, hut the thick- 
ness sliould be only sufficient to prevent too great liability to 
bend. 

As regards weight, saws sliould not be too light, or their use 
becomes very fatiguing, and 51 pounds is the best weight. 

The construction of the teeth is of imporLanct* and dog 
teeth are most effective ; M teeth, however, give good results 
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as shown the “ Noni>areil ” saw. Triangular or dog-teetl: 
should he 4 inch high ami ?> inch wide. The spacing hotween 
the teeth slioukl ])e douhle their width, and tliis sutlicet 
for coniferous as well as hroadleavod wood. Wider spacing 
than this, ])y reducing tlie numher of teeth, impairs tin 
efficiency of the saw. Tlie slit made in a i)iece of woot 
by a saw is termed the kerf. 

The teeth are sharpened with a triangular tile (hotter witl 
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111. — Sharpening of the U'cth. 

a two-faced one), and this should be done until the sides of th( 
teeth that meet the wood are as sharp as knives. Saws wliicl 
work both ways must have their teeth sharpened on both sides 
but one-lianded saws on one side 
only. As all forest saws are set, 
the stroke of the file must be 
always, as in Fig. Ill, on the 
inner side of the teeth. When a 
saw has been properly sharpened, 
the tops of the teeth must not 
project above a general line, or 
the projecting ones will he broken. 

A good saw’ in constant nse will •’t'lioiaiod sfiw-bhulo 

require sharpening only every five or six days. 

It is highly ini[)ortant that the teeth should retain theii 
l)roper shape, while constant use of the saw and fiequeiit and 





Fig. 118. — Forforated .saw. 

unskilful sharpening gradually alter it. Messrs. Dominicus & 
Son, of Bemscheid, have introduced i)erf orated saw-blades by 
which this defect may be remedied. Fig. 112 show^s how this ia 
done, and how the teeth drawm successively on the blade below 
the original set can be filed down gradually by the workmen, 



as the original teeth become worn-out. Fig. 112 shows hoW'; 
the perforations are made in a straight cross-cut saw. 

Saws are set in order that the Ijlade may he drawn easily 
backwards and forwards in the wood without buckling ; tliis is 
effected by forcing over the successive teeth alternately to the 
right and left of the axis of the blade. In order that setting 
may be effected properly, the metal must be sufficiently soft 
for the teeth to bend without breaking, bin the blade must 
not be too soft, or the teeth will retain neither their edge nor 
their set. 

By use, the teeth lose their sharpness and come back into 



Fifj. J M.~ Koy. Fijj. lir». — llarlh’s setting-irnn. 

their original position. The chief excellence of cast-steel saws 
consists in the fact that they retain their edge and set, much 
]>etter than old-fasliioned saws. If any of the teeth are too 
hard they can bo softened by bolding them for a few seconds, 
between a pair of red-hot pincers. For setting the teeth of 
saws, a key, usually of the shape shown in Fig. 114, is used, 
the teeth being hold in one of the grooves, and then bent over^ 
Fig. 115 is a mechanical apparatus for setting the teeth of 
saws in a very regular manner. The blade m n (shown in 
section) rests on the adjustable screw d p, which may be raised 
or lowered, and on the anvil o so that the teeth pass succes- 
sively between a a, and are bent by the hammer k. The' 
apparatus is fixed ffrmly to a solid basis by the spike c, j 



Pig. 11(3 represents a meclmnical saw-set hy Blasberg of 
Bemscheid, and Fig. 117 an American one by Morill; in both 
of them a is a bar wliicli drives the teeth into position. 



A wider set is usual with softwoods than with hardwoods, 
and long saws also require a wider set than sliort ones. The , ,, 
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Fig. 118. — J’lt-sjiw. (Afici Fernandez.) 


set should neveu' be more than double tlie widtli of the blade 
at the base of the teeth. 

iiecently in America saws have been much used with per-f 



Fig. 111).— Frame-saw. (After Fernandez.) 


maneptly set teeth, their thickness being greater than the 
blade of the saw. 

The action of sawing is furthermore affected by the resistance 
of the Oifferent woods : this is greater in large pieces than in 



riH r FiEtLlNO ATSD CONVERSION OF TIMBER, 

smaller ones and for trees witli laiots than for even-grained 
wood ; the degrees of r(*>^istan(*e olTei’ed by woods of different 
species of tr(*,es to sawing have ])e(‘n jilready given (p. 114). 

The measiir(5 of the work done )>y a saw is the surface sawn 
per luinute, measured in sipiare feet; a good cast-steel saw 
fre(juently will d(» tliree times the work of inferior saws, and 
thus will sav(! labour considerably. In transporting saws, the 
teeth should be. covertid l^y a wood(Mi slieatli, botli to protect 
them, and (he transport enij»Ioyees. 

[Pit-saws (I’b'g. IlH) for longitudinal sawing an; Jiot so mucli 
UBCid in forests as was forimndy tin; case, owing to the fact 
that, generally, logs are removed in tlie I’ound from forests and 
|iionverted inlo planks, etc., in sawmills. I’it-saws are, how- 
ever, used si ill in the Fon't Monnal, in Franco, for sawing 
curved oakwood for bargc-s. Sutdi saws also ari; used largely 
in Indian foi’(;sts ; also Irame-saws (Fig. 11!)) whieb liave.very 
thin bbules and are easily transportable, the frames being 
made in the forest. ^Jn Indian saws also the teeth arc filed 
so that the cutting edge is tow’ards the operator, and much 
thinner blad(;s can he used than when the saws cut in thrust 
as ill Euroiie. — Tr.] 

Tools for Splitfiujf Wood, 

For splitting wood and also for felling trees iron or wooden 
wedges and the cloaving-axo are I'eqiiired. 

(a) Wedges.— Iron wedges luue usually a wooden head, 
which is surrounded hy an iron j-ing to prevent it from split- 
ting (Fig. 120). A\ edges may be made also entirely of iron, 
but they are then driven into the W'ood by a beetle or wooden 
mallet, whilst the W'ooden-lopped wedges may be driven in 
with the flat steel back of a splitting axe. 

Wooden wedges (Fig. 121) are prepared hy the woodcutter 
out of tough middle-aged beocli or hornbeam wood, and 
frequently are surrounded at the head hy an iron ring. 

Iron wedges are considered more serviceable for splitting 
tough wood; when wooden wedges are used, a cleft must 
be made previously in tlie wood with a cleaving axe. There 
ie, however, a risk that iron wedges may spring out of the 
* Fernandcit, '* rtilisatiun of Forests,” p. 8G. 
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wood, the friction against their smooth sides being less than 
with wooden wedges ; this happens not unfrequently with 
cracked or frozen wood. Sand or dry earth is placed in the 






Iron wcdgch with womlijii t<)i>s. 



Fig. 121. 
Wooclrn woilgo. 



Fig. 12‘i. 


cleft to prevent this, and a proper shape of the wetlge renders 
it less likely to htii»pen. Thus, if I he sides of ilie wedge be 
Hat instead of curved, or grooves incli broad and I incli deep 



Fig. 12:1.— Schniicke’s toothed wedge. Kos. are CLTilirueteif*. 

are cut in them, during use the wood is pressed into these 
grooves and the wedge thus firmly held. 

Quite recently a screw wedge (Fig, 122) has been invented 
by Blessing for use while trees are being felled; this is 
Bold fast by the wood, but is not to be recommended. 

U'l.'. , o 2 
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Fi^,^ 128 reprcBCiits a toothed invented by Sclmiiclie, 

which in uB(‘d for forcing over a felled lr(}e, or splitting tough 
roots, the wedge is driven in up to («), the holt (a) then removed 
and (<0 forced outwards by the screw {h). 

Bniall wedges are placed in the cut behind the blade of a 
cross-cut saw, to facilitate sawing. 

(b) Cleaving - axes, — The cleaving-axe differs from the 
felling-axe hy its superior weight, size and greater resem- 
blance to a wedge, it weiglis generally ih to 5 J pounds, or even 
up to 8 pounds in special cases, but resembles a felling-axe in 



Harz dcaving-axe. Tyrolese cleavin<,^-:ixc'. 



shape, excej)! that its back is Hat, and made of steel, to render 
it more suitable for driving wcnlges into wood. 

Fig 12*1 represents the cleaving-axe used in the Harz, it is 
two indies (5'5 cejitimeters) broad at tlie back, and weighs 
about 5^ pounds. Fig. 125 is an axe used in Upiier Bavaria and 
weighs about 5 pounds, its Hat back is used for breaking off dead 
stumps’ from felled stems as well as for driving in wedges. 
Fig. 120 is the Tliuringian cleaving-axe, and is very heavy* 
Tlio Bohemian cleaving-axe (Fig. 127) has the stoutest shape 
of all these axes, and may be used for splitting firewood into 
the sniallest pieces used for stoves. The Yieiuia cleaving-axe 
(Fig, 128) weighs up to 9 pounds. Fig. 129 represents 
an axe used in certain districts in Silesia, and is a good 
;jimpleinont4 
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The divider (Fig. 337, p. 505) will be desei ibed as a tool naed ' 
for splitting staves. Other tools and machines used for split- 
ting firewood into simill pieces in towns are not woodcutters’ 
implements. 

A method of felling trees by using a platinum wire heated 



to a white heat by oleeiricity is doscribod in /w Jiudiu for 
December, 181)5. By its means the tree is severed more easily 
and rapidly than by the saw ; no sawdust is made, and the 
slight charring produced by tlie burning wire preserves the 
wood. This method is said to bo eiglit times as speedy as 
when a saw is used. 

4. Implemenis for KxtrnciuKj (ind Spliftiun Stinnps (lud 
Hoots. 

Implements of a very simple nature are used in converting 
the parts of a tree which are above ground; those used for 
extracting and converting the stumps and roots are much 
more complicated. 

(a) Simple Grubbing Implements. — The simplest tools used 
for grubbing-out roots are the mattock, the pick, the pick-axe 
^and the grubbing-axe. Also short saws wedges, crowbars are 
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used for severing, removing or splitting the stumps and roots 
of a tree. 

The mattock (Fig. FIO) is about one foot long and 2 to 2} 
inches broad, it is made of good steel and strongly fixed to its 



han(ll(! and is used for digging into the ground and severing 
small roots. Th(‘ pi(d\ (Fig. Fki), whirdi is sharply pointed, is 
used as well as the mattock for this i)ur])ose on stony ground, 
and both tools may be combined in 



Pip. 133.— -BolK'niian 
giubb)ii^;-axi;. 


the form of the common pick-axe 
(Fig. VM). 

The grubhing-axe serves for severing 
the exjiosed larger side-roots, and is 
merely a small-edged felling-axe (Fig. 
Fkl): as, ho\v(‘V(‘r, it wears out rapidly 
oNNing to the stones, etc., with which it 
comes in contact, usually a wmai axe no 
long(‘r servict'able for felling trees is 


used for the ])uij)ose. 


Til order to sej)arute large spreading side-roots from the 


stump of a tree, generally a saw is used instead of an axe, 
and the ordinary carpenters’ frame saw is jaelerred. 


Tough wooden lovers, the siye of a cart-jufie, and fi to 10 
Jeet long, which are cut into wedges at one end, are used for 
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; breaking up the side-roots after they have ])een separated 
from the stump. Besides tliese levers, wooden wedges of 
different sisies are used and their use will ))e explaimul further 
on with the operation of uprooting stumps. 

A long iron wedge fitting over a wooden handle, the end of 
which is surrounded by an iron ring, is used also in separating 
deeply situated roots. 

Fig. 134 represents a hook wliich fits over a hill thin coni- 
ferous pole; a rope is fastemul to it by means of which, 
after the hook lias been attaclu^d to a braneli, a tree may be 
pulled over by the roots. 

Sometimes the hook is fastened merely to a i-ope and may 
be attaclied to a branch by a man climbing the tree. This plan 
can bo employed only in the case of tall slender stems, as 
climbing trees to attach the hook wastes too much time. 

(b) Machines for removing Stumps. — In order to save 
much of the labour involved in using the tools just described 
for grub))ing-out roots, various machines 
have been invented for the purpose. 

Of numerous modern inventions only 
the Hawkeye machine, the forest-devil, 
the kant-iron and lever, Wohmann’s 
machine and the screw-jack will be 
described. 

The Hawkeye machine (Fig. 135) con- 
sists of an iron vertical axle fixed on a 
firm support, moving in sockets placed 
above and below it, and surrounded by 
^ a drum c. This drum can be firmly 
attached to the axle, or loosened from it 
by means of the lever h. The axle with 
the drum attached is set in motion by 
, a horse moving the shaft and thus a 
: flexible steel ro^ie 160 feet long which Fi<r. i:u. 'I'rte-iiook. 

IS attached at one end to the drum 
, may be wound round the latter. The rope passes round the 
pulley which is attached to a jtowerful hook fixed to the 

stump 11 to be extracted, the other end of the rope is also 
5; attaclied by another hook to a support C. The distances, A 







It C, as shown* 
in the figure,, 'f: 
should be in- 
creased rela- 
tively from 6 ta ; 
10 fold. 

The Hawkeye 
machine is ex- 
tremely power- 
ful, and not only 
pulls out the 
stump, but also 
tbe long lateral 
roots attached to 
it. It is speci- 
ally useful in 
clearing wood- 
land for agricul- 
ture, and may 
be used also for 
uprooting trees. 
In one day, with 
a horse and two 
men, 20 to 25 
large stumps 
may be extracted 
at a cost of about 
15 Bhillings* 
The machine 
may be pur- 
chased for ,£8() 
from Brandt at 
Munich, agent' 
to the firm of . 
James Milne & 
Son, Maiiticello, 
Iowa, U.S. 

Another root- 
extractor ifl 


termed the forest-devil, and has been in use from time 
immemorial in Switzerland and also for forty years in 
Germany. It consists, as shown in Fig. IBb, of two strong 
iron chains between which a wooden lever works. One end of 



the chain A is fastened to a neighbouring strong root, 
stump, or tree, and the other is attached to the lever, at 
its fulcrum o. Tlie second chain li is placed round the tree 
or stumps to be extracted, which must naturally offer less 



Iii7. — I.cver an<l book. 


resistance than that to which A is fastened ; it is connected 
withj,the lever alternately by means *of two short chains each 
terminating in a hook. By then moving the lever backwards 
and forwards and hooking first one and then the other of these 
:chaiiia into links of B, the tree or stump may be extracted. A 
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stronp; rf)pc may be used instead of most of the length of 7i, as lon^ 
as there are sullicient links in the chain for working the lever. 
Another method for extracting stumps is shown in 



1 3H. — T.evcr aiid hook. 


Figs. 187, 188, by moans of a lever with a sliding ring and 
kant-iron or hook. 

Wohmann’s machine for ])ii8hing down trees is shown in 



Fig. 180. It consists of a long coniferous pole with an ii*on 
spike at one end, and at the other end it is bored, as shown in 
Fig. 140, to admit a short iron bolt. 



Kiir. 1 i 1. — Screw-jack. 

vented its coming; into general use, but Draudt has construct€^,d 
one of only Imlf that weight, and Lauheiiheinier has substi- 
tuted for the grooved plank an endless iron screw, on which a 
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car Hupporiin" tlie i)()Io is moved forward by means of a winch^ 
and be stales Unit this "ives 8 to 10 times the pressure of the: 
or i {filial arrangement. 

Ordinary screw jacks (Fig. 141), are used also with advan- 
tage, as in the Schwarzwald, for uprooting trees and stumps. ’ 
llecently, in AVurtteinberg, a portable windlass has been used 
with good r(}sults both for uprooting trees and stumps, and for 
dragging loads of timber up steep inclines. Provided that 
the cost of working it is not too great, its use is to be recom- 
mended on account of its great power and adaptability. 

[ The Dcracineuse Loho used for extracting trees by the 
roots in JJelgium is a gear of tliree legs on slides, by which it 
can bo moved from tree to tree; also a system of pulleys and 
chains with toothed apparatus to be driven into the base of 
each tree. Jt is worked by six men and not only saves about 
1‘7 per acre in wood, and labour, including ploughing up the 
ground at 1:2 per acre, but enabli‘s the land to be planted up 
at once without any fear of the pine-weevil.* — Tr.] 

Section 111. — Season for Felling. 

The proj)er season for felling de])ends on several circum- 
stances, of which the most important are, — the climatic con- 
ditions, available labour force, mode of felling, technical 
quality of the outturn, and species of tree, besides some other 
special points depending on particular cases. 

1. Climatic (Conditions* 

These are in many regions the most important of all the cir- 
cumstances which determine the season for felling; for wher^^ 
the winter is severe and the fall of snow heavy and lasting, sd" 

. that outdoor work has to slop, us in most high mountain dis- 
tricts and in many localities only moderately elevated, forest 
work during winter may he impossible. In case fellings 
eannot be carried on during winter, transport by means of 
sledges, which is facilitated by the snow, may bo effected. In 
high mountain regions, therefore, transjtort of timber and 
firewood is the chief occupation during winter. In plains aqd. 

• (f. Kepoit of pi'oceeUiiigs of it. E. Aik Society for 
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low hills the severity of winter rarely interferes with the work 
of felliiiR, which is generally contiiiueil iiiiinlerruvledly cUiring 
this season. 

2. ArailMe Litlmur- Force. 

In most districts labour is more abundant in wintci than in 
summer, when agriculture offers constant emidoyment. In 
case, therefore, other stronger reasons to the contrary do not 
exist, forest management is interested in utilising the othei- 
wise unemployed winter labour-force. 

This is the more urgent, the moi-e agriculture is the chief 
employnieut of the local population, which is not the case m 
extensive forests tracts, where the men work nearly the whole 
year in the forest, and do not eai’e for other work, whilst the 
women and children cultivate the small agricultui'al area. If 
there are plenty of transixirt animals in such a country, cart- 
ing is done chiefly during the open season, or whenever the 
roads are most passable (which in clay soils with unmetalled 
roads may be during frost) ; the timber may also bo floated 
during the open season. In induslriul countries, where factories 
abound, there is generally a scarcity of forest labour through- 
out the year, and especially in summer. 

3. Mode of Felling. 

On silvicultuial grounds, as regards those modes of felling 
which are not concerned with reproduction, such as clear- 
cutting, tlie season is only of slight importance ; it is more 
important when care for the woods is in (luestion, as well as 
removal of some of the trees. 

dear-cuttings may he effected at any season of the year, 
unless they are to be followed immediately by sowing or 
planting. 

Natural regeneration fellings, especially in broadleaved 
w’oods, must be effected when the fall and transport of the 
trees will do the least amount of harm to the shelter-w ood and 
young growth, and that is in winter, whenever the ground is 
covered with snow. 

• Begeneration fellings among broadleaved trees, and especi- 
ally secondary fellings on steep slopes, are effected best ovei a 
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deep layer of hiiow, in order Lo protect the young growth from 
damage during the removal of tlie timber. During summer, 
when vegetation is in full activity and tender shoots are 
injured so easily, In-oadleaved forests should he left alone; and 
the same rule should be ap[)lied also to coniferous woods with 
natural regeneratioji, unless the winter is too severe for 
f(3llings ; but, even then, the period between the sprouting 
of tiui young shoots and their full develoj)iiient sliould be one 
of repose. 

Thinnings in young woods are done best ^\hilst the trees 
are in full foliage, and the best season for them is autumn. 
When, however, (juickly grown, slender poles in a densely- 
grown wood are thinned late in the autumn, in exposed 
localiti(‘s subject to breakage by snow or rime, they are 
Very liable to be bent or broken; wliilst, if tlie thinning be 
executed in spring or summer, they have time to become 
stronger and often to escapf*. the danger. W iienever injured 
trees, broken by the wind or snow, or killed by insects, have 
to bo felled, this is usually done in summer for lu’oadleaved 
woods ; but in coniferous woods the injured trees should ]>e 
felled as soon after the damage as possibh*, unless some of tlie 
trees are used as trap-trees for beetles. 

Dor pruning the branches of broadleaved trees, provided tiio 
wounds are tarred, autumn and early winter are the best seasons, 
but in the case of resinous conifers, priming may he done at 
any season. 

[Wliere tariing is not effected, February is the best montii 
for i)r lining. — Tr.J 

For coppice, late winter is the best felling season, for if the 
wood is felled early in the winter, it happens frequently that 
the stools are killed by the severe cold. Whenever, fur certain 
reasons, aiiiumn or winter foliage are necessary, the stools 
ahould be cut as deeply us possible in the ground. Cutting 
' coppice during the period of vegetation gives rise to weakly 
coppice-shoots, [Standards over coppice caimot be felled till 
the underwood is cut and removed, and as oak trees are 
usually barked, this felling cannot then be done till May^ 
when the hark peels easily. — Tr.] 

Wherever stamps are to be extracted, this is done generally 
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during summer, and cannot be done at all ^Yllell the ground is 
frozen. 

4. Qualiitf of Outturn, 

Ab rtfgards the influence of the season of felling on the 
quality of the outturn, the qiu^stion has been discussed already 
(p. 102) : it has been decided that the season has hardly 
any influence, provided tlie wood be thoroughly dried, but that 
the qualities of timber are affected greatly by the subsequent 
treatment of the felled material ; when felled in winter, the 
material dries well in the subsequent spring and summer, 
winter-felling is therefore best, as there are usually six months 
before heavy rain. As a rule, broadleaved trees should be 
felled only in winter, and the same rule is desirable for 
coniferous wood, unless it can be removed from the felling-area 
and sawn up immediately after it has been felled ; winter-felling 
is also best in the case of old and imperfectly sound trees. 

Whenever climate is against winter-felling, the most valuable 
trees should be felled late in the autumn ; this is the more 
essential, the greater delay there is likely to occur between the 
felling and the sawing up of the timber, or the removal of it 
to sheltered, airy timber-yards. 

5. Species of Tree, 

Cemifers, and especially the spruce, are most liable to be 
worm-eaten ; to protect them, the bark should, as soon as 
possible, be peeled from off the felled trees. Thorough barking 
is possible only in summer, whilst in autumn or winter the bark 
can be only partially removed ; this, however, is quite sufficient 
to protect the wood from insects, and to allow of its thoroughly 
drying. If the trees are felled in autumn and partially peeled, 
the fact that the bark is left as a thin coating prevents the 
wood from cracking. ash, felling in sap, causes dis- 

colouration and consequent loss in market value, and clean, 
straight grained ash, i.c., of the finest quality, is liable to 
. split in all directions. Beech and sycamore also must be felled 
in mid- winter, as otherwise the wood splits and becomes dis- 
coloured, with dirty brown streaks. This is more important 
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with sycamore, as manufactured goods should appeal m 
natural and iinhlemished \vliitenes.s. JJoth heecli and syca- 
more are ])eriHhahle timl^ers ami any vestige of live sap 
contributes to rapid decay. Elm, when felled in sap, produces 
living branches with foliage, and such wood is nearly unsale- 
able for naves. — Tr.] 

0. Special Application <ff the Material from I ellin()-Areas, 

Exceptions are made when the material from the fellings is 
required for special i)urposes. 

Tlius, for bent-wood furniture, and for certain impregnation 
processes, and in the case of cloven wood, the trees sliould be 
felled in summer. If bark is to be used for tanning, the 
trees must be felled in the spring. Sometimes wood used for 
wells and water-pipes is felled during spring. 

7. Moilea of Transport. 

As regards transport, it is found that wood hilled in summer 
is lighter to carry and tloats better than winter-felled wood; 
hence less firewood sinks, and the timber- rafts are less heavily 
laden, owing to the wood being dried much more thoroughly 
than when felled in winter. 

8 . Demands of Timher-Marhct. 

The possibility of getting a good price for tiiiiber depends 
often on the, time fixed for the timber-sales, and the latter 
on the time when the trees are felled. Where other considera- 
tions ar(i not predominant, the felling period should be so 
arranged that the material may come to market at the season 
when the best prices are offered. 

Thus, hop-poles and bean-sticks are felled best in the early 
Winter, 80 that they may be sold before the spring. Timber 
merchants under contract to supply certain goods, such as rail- 
way-sleepers, etc., are bound to do so before a certain fixed date, 
and this circumstance will guide the forest-manager in fixing tlie 
time for his fellings. 

Finally, it is easy to see that certain local circumsiaucesj 
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such as accessibility of the ground, etc., may affect the felling 
2 }erio(l. Sometimes in alder-woods on swaini)y ground, the 
timl^er can he removed only when the ground is frozen. 
Where regular inundations occur during spring, it may be 
necessary to fell in sinnmer. 

[In the lowlands of N. India, during the monsoon (July- 
September^ all fellings are stopped ; the month of October is 
so malarious in some buh-IIimalayaii forests, that woodmen 
could fretiuent them at tliat ))eriod only at the risk of their 
lives. — Tr.] 

0. Summari/. 

To summarise the above: it may be laid down that in localities 
with a mild climate, winter should he considered the normal 
season for felling; in liighmountain-regions with heavy snow- 
fall and extensive coniferous forests, fellings should be made 
in Rummei', or better still in autumn. 

Winter-felling occurs from the (*nd of October till the end of 
March ; it is the most natural period for the work, as the forest 
is at rest from vegetation, wlnlst the outturn is likely to )>e 
more diirabh^ and of )>etter (piality than summer-felled wood. 
Fellings cannot, h()wev(‘r,l)e continued nninlerruptodly during 
winter in the lowlands; deep snow may prevent tlie men from 
felling the trees sufliciently low down, and hard frost may 
reiidcw it dillicult to split the wood and may injure tlie coppice 
stools, whilst much lirewood is hurmul during the long, cold 
evenings by the wood- cutters. 

As regards the distribution of different fellings during the 
winter months, usually seeding and secondary fellings in broad- 
leaved woods are commenced immediately after tlie leaves 
have fallen: the felling-area should he cleared lieforo the 
seeds germinate, or the buds of the young growth sprout ; in 
March this is often the case with beech. Wherever the logs 
are to bo slip^ied down steep inclines and the workmen are not 
particularly trustworthy as regards protection of undergrowth, 
the fellings may be delayed till there has been a heavy fall of 
snow, or they should he effected in o^ien weather, not during 
^ frosts. 

Clear-cuttings in coniferous forests are not undertaken until 

p 
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all the more urgent natural regeneration-fellings have been 
made, or are nearly concluded. Then also, thinnings or prepara- 
tory fellings in old woods may he carried out. Thinnings in 
young woods and cleanings end the series, and often are made 
during the autumn. 

It is better to begin winter-fellings with the large trees 
and oil felling-areas where these are numerous, then to 
proceed with the (conversion of firewood. Supervision is thus 
facilitated, and the heavy pieces are soonest removed from 
the forest. 

In very large forest-ranges richly stocked with old wood the 
manager may be satisfied if the more important fellings arc done 
during winter, and in summer all wood worked-out that is 
broken by snow or wind or dead from other causes. Wherever 
summer-felling prevails, all the labour-force is engaged in 
transport during the winter. 

Summer-fellings begin, according to the locality, in April oi 
May, as soon as snow and frost permit and the labour-force 
which lias been occupied in transport during winter is 
available. Where the men are engaged during summer in 
charcoal -making or other (employments, or where, with a view 
to the quality of the wood, it is desirable not to fell the treo( 
in full sap (July — August), these fellings should be suspondec 
till S(q>teinber, and continued so long as the w^eather ii 
favourable. Then the work is arranged so that reproduction 
fellings and fellings of valuable timber-trees are effected ai 
early as possible and may bo finished before the hudi 
shoot. The underw’ood is then highly elastic and suffers leas 
from abrasion, whilst the logs can be barked and preserve theii 
esteemed w hite colour. 

Later-on, after the season of vegetation has commenced, fire 
wood trees and other inferior sorts are felled, and the felling o 
whatever vahuihle trees were not felled before their sprouting 
will then he deferred till September. 

In high mountain-regions where felling, conversion anc 
transport cannot be completed during one summer, it is usua 
during the first summer and autumn to fell the trees, bar! 
(dl the logs, prepare them for transport and remove then 
; to the depots, ivfter pow has fallen, The firewood is thei 
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prepared in the second summer, carried d()wii on sledges to the 
depots during winter and floated away in the spring. It is 
rare that more than two years ai*e allowed for cl (taring a ftdling- 
area ; in sucli cas(5S the logs which have hetm laying so long in 
the forest rarely arrive at their destination in a perfectly sound 
condition, and they yield only inferior material. 

Whenever great damage has been done by storms or snow, 
the first measure is to clear the fallen wood from the roads 
and ridges ; aftei- this has been done all trees which have fallen 
over young growth or poles are removed. When these cases 
have been attended to, woods where extensive ))reakage has 
occurred are cleared; then places where single trees have 
fallen or have been rendered insecure, all injured trees which 
may server as brooding- places for insects being felled. 

SECTION IV. -M nr no ns of FEiiLiNO. 

1. General Atrouut, 

As a rule., work is l)egun in as many felling-areas as there 
are gangs (d woodcutters available, and can) is taken to sub- 
divide e(iually all immediately impending work in so far as tlio 
natural silvicultural se(inence of the dilhu’ent modes of felling 
does not interfia’e with such a plan. This latt(‘.r consideration' 
is specially important in secondary and selection fellings, and 
in thinnings of mixed woods, which recpiire great care on the 
part of tlie woodcutters and the constant supervision of the 
forest stall. Not unfrequently one gang may l)e distributed 
over several felling-areas, but when it is important to expedite 
the work owing to impending hard weather or heavy snow, 
several gangs may be employed in one felling- area. 

In order to divide the work fairly among the men, the fidling- 
isreas, which have been previously marked-out on the ground, 
may be divided into as many equal subdivisions as there are 
parties in a gang ; or in the case of secondary or selection 
fellings, or extraction of large trees over underwood, a certain 
number of trees may be allotted to each party of woodcutters. 

Each subdivision of the work is numbered and termed a lot, 
-and the parties draw numbers to decide in which lot they will 
'jV’prk. In forming the lots great care should be taken that the 
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clistancf* over wliieli t)io inaterial has to ho moved is nearly 
the same in each (aiso, so tliat all the parlies may have about 
the same amount of work to do. Tlio. lots shoTild neither 
h(‘ t‘00 small nor to(> naarow, or llu^ naai would Ik; subject 
to constant iiilernipiion by thf)se of an adjoininjij lot. On 
mountain slopes tiny are therefon', places! side by side, run- 
nin^^^ downhill. In such places it is ofUm advisable to leave lots 
ix'tweon two ])arlie,s unallotted on account of the danger of 
accidents from falling tns's, etc., work on these intermediate 
lots Ix'ing u)idertak(‘n subsecpumtly. 

Some lots may b(‘ reserved to be giv(Ui afterwards to the 
most industrious men, whom tlu* managC'V wishes to keep 
V employed in tli(‘ fon'st c<*nstantlv. It is advisa])le to allow the 
woodcutkirs tlu'mselves to distribute the lots amongst the 
parties, so as tf> avoid all charg(‘Sof partiality a, gainst th(' forest 
manag('r. The allotnumt in ch^ar-cuttings in high forest or 
copjuce is by aixsa, lots being fixed by spticially marking 
border a,nd ('orner trees. Standards over coppice are marked 
with the fores! -hammer or by rings of red or white paint, so 
must moth('r-tr(‘,es in natural regeneration areas. In France 
oacli reserve<l standard is numbered, the numbers being cut 
into the bark ])y a. s]>ecial blazing implement. In thinnings 
each sti'iii to be removed is marked by means of a tree- 
scratcluw, or tindier-seribe, or a forest-harumer may be used 
in the older crops. 

As regards the actual felling, it is clear that silvicultural 
rules and those for giving the, best outturn must be followed 
by the imm. so that the felting may be conducted \\ith a care 
for the tr(‘es and young plants which are allowixl to remain on 
the anai, that the felled material is not wasted, and labour 
‘ is economised as much as possible. 

Here will be considered tlie different methods of felling 
trees, their relative advantages and disadvantages, and the 
general rules to he observed in the conduct of fellings, 

2. The different Modes vf FeUin^, 

The different modes of felling dej)end on the implements 
used: they may he further distinguished as ; —utilisation of 
the stem, or of the roots and stump of a tree. 
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(}0 utilisation of the Stem, 
i. Fell in tj irith fhe 

Th(‘ stem to be felled sliould bo cut \vitli the felliiijij-axo in 
two places on opposite sides of its base (b'ig. ll'i), as ikku* 
the ground as possible. The wedge-shaped notches thus cut 
in the tree become larger and approach nearer the axis of the 
tree until the latter falls. These notches should be lojpt as"' 
small as is coiisisUiut with the (Misy admission of the axi', and 
should have smooth sides. As a 
rule, the height of the opening 
im^asured on the bark of the tree 
should not exct'cd its depth. 

In onh'i' to throw the stem in any 
desired direction, the two notches 
should lie opiK)site to one another 
in that dh’ection ; the former one 
(</), (Fig. 1-12) on the side vhere 
the tree is to fall, should penetrate 
beyond the axis of the tree*, as deeply 
and horizontally as possible. The 
other notch {h) sliould be begun from 
four to six inches higher than (a), 
according to the thickness of the 
stem ; it should be cut so that its 
point extends above that of (a), or would do so if produced lu)ri- 
zonlaliy. If the stem is symmetrical it should be pushed lightly 
in the direction in which it is to fall. If its W(dght should 
preponderate slightly in that direction, that will naturally 
expedite the work ; if, however, the weight pi’eponderates on 
the other side, or towards either direction at right angles to 
that of the intended fall, a billet of easily-split firewood may 
be put in the notch (//), and several wedges thmi drivtoi into it 
transversely, or between it and the edge of the notch, so as to 
press the stem over to the side on which it should fall. 

In the case of valuable timber-trees, it is often advisable to 
cut them below the surface of the ground ho as to save a portion 
of the stump as timber. In that case the notches are cut down 
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its doGj>ly*aH posRible, and often the earth is dug away all rountf 
the stuiiij) of the ti’ee. It is then often insufficient in the case,, 
of large trees to cut only two notches, but cuts are also required^, 
at th(} other sides, tljoiigh they should never be as deep as the, 
princij>a] nnt(*li(;s in tlie direction of tlie fall. Small treesj 
may be felled by one man, trees from 10 to 12 inches in 
diameter by two men orbing togeth(3r, very lai-ge trees by 
four men. 

’ ii. lu'UiiKf U'ith ihe iSair ahnto, 

ill th(! case of small trees. Die saw-cut is commenced on the 
side oj)j)osile. to that of the })ro})osed fall, and continued until 
tlie tree cun lu; pushe,d-ov(!r ; in tlie case of large trees, owing 
to friction the sawing cannot, without some help, be continued 
beyond tlie axis of the tree; as soon as possible, therefore, 
two wedges are drivon-in behind tlu3 saw, and as the sawing 
proce(!(ls they are driven further and further until the tree 
falls. 

iii. FoUnuf bj/ means of A. re and 8a a\ 

The. sn wing (Fig. IFd) is c()mm(3nced at tlie side(/i) on which 
the tree is to fall, and continued to about a \ or 1th of its 
dianuTer, and a notch in direction (a) 
is made viili the axe to meet this 
saw -cut. 

T'h(3 saw is then tak(‘n to the 
opposite side of the tree, and as soon 
as the cut (<■) is dee]) enough wedges 
arc ins(‘rted behind the saw, and from 
time to time driven fuiTlier until the' 
tree falls. 

iv. FeUiug with (he BiUhonlc, 

This is restricted to small poles, 'i 
saplings and coppice-shoots, forming^ 
a dense growth in which there is pd" 
Fig. Killing wilh axe room io iise the axe. Saplings are, 
" felled with one blow of the billhook,' 

but if a stem is too thick for this, it should be felled with two? 
blows on opposite sides, without making a regular notch. J 





thrown accurately in the desired direction, the most inipor* 
tant silvicultural point in the felling; then, tliat it wastes as 
little wood as possible, and finally, that it involves the least 
possible amount of labour. 

Experience has shown that felling by means of saw and ; 

* Patent and technical bureau of llicharU Bayer, Berlin. 
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axe combined, with the help of wedges, is the best of all 
methods, for in no other way can the tree be thrown in any 
desired direction so accurately, or is it less liable to splinter 
in falling. 

Where the saw alone is used, several wedges may indeed be 
introduced, but the tree rests on one point of the circumference 
of the cut, and during the fall it fre(iuently turns on its stump 
in a way which cannot bo prevented by the use of wedges. If, 
however, a small notch is cut on the side of the fall, and the 
saw-cut o[)posite to this is opeiied-out by wedges, the stem 
when ready to fall rests, as shown in Fig. 11;3, not on a point, 
but on a straight line perjumdicular to the direction of the fall, 
and any turning of the stem on its stum]) is an extremely rare 
event. A very simjde and snfe melliod has ))een long in prac- 
tice in the Schwarzwald, as shown in Fig. 144 ; the pole ah, 
fitting into a notch in the stem at a, is lifted hy two men by 
the horizontal lever inh, and is thus forced into the required 
direction. This is a simiilu form of Wohmann’s apparatus. 

The greatest waste of wood is involved wlien the axe alone 
is used for fcdling, and this not only because a considerable 
portion of the base of the tree is hewn into chips, which in 
mature trees may be 4 to 7 per cent., and in poles 2 to 2J 
per cent., of the volume of the bole ; but also because the end 
of the log remains pointed, and it cannot be used in its full 
length. Where the saw alone is used, there is least waste 
(about ^ per cent.), but even where both saw and axe are 
used the waste is small (1 to IJ per cent.). There are, how- 
ever, localities where working with the saw involves a greater 
loss than wdien the axe alone is used, and that is in steep 
rocky places where one is obliged to leave a high stump in 
order to work the saw at all. 

The loss of bark in conversion is 4 per cent, of the prepared 
bole, for the beech and other smooth-barked trees; 7 per cent, 
for oaks and coarse-barked hroadleaved species; 8 — 11 percent, 
for the Scotch pine, spruce, and silver- hr ; 15 -18 per cent, for 
the larch and black pine. 

As regards facility in working, this depends on the practice 
and skill of the woodcutters. We should compare only the 
- labour of men equally skilled with saw and axe, and 
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such cases there is very little advantage in using the axe 
alone. 

Felling trees by means of axe and saw combined is, there- 
fore, under ordinary circumstances the best method ; it 
should be introduced everywhere, wherever custom still clings 
to the use of the axe only. It is impracticable only on steep 
rocky ground, and unsuitable in the case of very large valu- 
able timber trees which should be cut out by the roots, also 
ill thinnings in densely grown poles, where there is no loom 
for sawing. 

The disiidvantages of the use of the saw and accompanying 
wedges must not, however, be overlooked. This fre(piently 
increases hejirtshake, a circumstance which deserves full con- 
sideration in tlie case of valuable tim]>er trees : besides this 
defect, very tall thin stems, when half cut through, may split 
in two if the wedges are carelessly used ; such a split often 
proceeds high up the stem. This disadvantage in the use of 
the saw depends, however, less on the method than on the 
carelessness of the workmen. 

(b) Utilisation of Boots and Stumps. 

This cun lie nffectod either by extracting the stumps of 
trees, or uprooting the trees. 

i. Removal of Stumps. 

Stumps are utilised by means of gru))bing-axos, saws, 
wedges, crowbars, etc., or with the help of machines. J-he 
principal part of the work is that of grubbing-out the sUnnp ; 
this takes 70 to 90 per cent, of the labour involved in- the 
whole operation. The work is eoniiuenced by digging all 
round the stump, and exposhig all the side-roots as far as thej 
are worth extracting. All these roots are then severed close 
to the stump and removed, the longer ones being severed al 
the thinner end as well. The workmen tlien continue to dijj 
round the side roots, eir tho taproot, until theii upjiei 
parts are exposed and can l)e severed, or extracted with th( 
stamp. Another way, after the roots have lieeii exposed bj 
digging, is to split the stump into pieces, and extract these 
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separately ; for this purpose iron crowbars are used, or the, 
stump may bo blown up with gunpowder, as will be described 
further on. 

It is evident that uprooting stumps is a most laborious' 
process and atteinj)ls liave naturally been mad(i to lighten the 
W'ork by usijjg macdiines. Thchc are all characterised by the 
attempt to tear the stump from the strong descending roots 
after th(5 earth has been dug away, as previously <iX]>lained. It 
is only in castes of small stumjis and superficial rooting that 
digging can b(i dispensed with. Also where macliines are used, 
they either tear the whole stump fix>m the roots, or remove it 
piecemeal. 

Wherever macliines such as the forest-devil are uscid for 
uprooting stumjis, all tlm side-room should he cut t»lT close 



Fig. 1 1.*). licniovul of stumps hv the 
forest -»lu\ il. 


to the stump, except one 
larg(‘ sidti-root which is 
left long(!r tlain the 
others, and stu’ves as a 
lever for the Jittaclmuait 
of the imjilement, as 
shown in Fig. 145. 


Preferciiice should 
always he given to tlie 
simplest of the implements which have been already described ; 
although they only partially replace manual labour, yet 
they alTord a simple ai)plication of considtirahhi power. 
Experitmee luis shown that the forest-devil is the best of 
the heavier implements. The Ilawkeye machine is more 
powerful, and would be used in preference were its cost not 
so iiigli. 

Objection has been made to the use of the forest-devil, that 
it requires too many hands to work it, tliat it is difficult to fix 
the rope, and that the long lever requires much space to work 
in. These difficulties are not, how’ever, so great as they w'ould 
appear to he, if a. chain is used instead of a rope and the roots 
are thoroughly <}Xpose(l before working with the machine is 
attempted. Once this has been done, only throe or four men 
are required to extract the stump ; in Silesia the forest-devil 
has been found to save SO per cent, of manual labour. 
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ii. Uproot huf Trees, 

WIk^ii trees are uprooted (Fig. 14G) much of the stump is 
obtained with the stoni, in the wimo oi)eratiou. The roots 
are exposed by digging, and then the stem is thrown in 
various ways. l)ut in all of them a thorough exposure of the 
roots is ess('ntial. If iill the horizontal roots are severed, 
the stem is atlaehed to the ground by the taproot or main 
roots only. If. as with spruce on shallow soil, there are only 



horizontal roots, merely severing these, sufliccis to fell the 
tree ; hut wherever there are strong deep roots which it would 
be a most laborious operation to sever, the w'ork is cftecled as 
follows rope is fixed, ns high uj) as possible, on one of the 
main branches of tlu! tree, and on that side of it towards 
which the tre.e, is intended to fall: a number of men then tug 
at this rope, and by alWrnately pulling and yielding, they 
make the stem osciilate backwards and forwards. One man 
is left at the base of the tree to cut through any roots winch 
may still resist, and to place poles under the. base of the tree 
. as it rocks, and prevent its return to the vertical positmn. In 
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this way, without any groat amount of trouble, the tree can 
be made to fall, tearing out at the same time all the stronger 
roots. 

The forest-devil, Wolimann’s thruBfc-iK)Io and the common 
screw-jack, may be use<l also to ovcirturn trees by tlie roots. 
Tbe mode of using these machines has been explained already, ' 
but in the case of the forest-devil, a stem or stump stronger 
than the tree which is to be overturned must be at hand to be 
fastened to the implemciiit. 

All roots f)n th(i side where the tree is to fall must be cut 
cl()S(i to the sUmi in order to lighten the work, and it is a good 
plan to plac(i a round piece of wood under the falling stem, so 
that by its own fall tluj latter may the more readily tear its 
roots from the ground. [Coniferous trees 40 — GO years old 
can niadily lui uprooted hy the Lobo up-rooter (p. 201). — Tr.] 


iii. Ailrantaf/CH and lhHadvauta<ja of Vpvooimj. 

The advantage of utilising the stumps consists chiefly in the 
reduced waste of wood this involves ; for, on the average, one- 
fifth of the stem and branch-wood is contained in the stump. 
Stump-wood alTords very good fuel, especially whore a pro- 
tracted steady heat is required ; the demand for firewood is, 
however, frequently so small that stump- wood has lost much 
of its importance in this respect. In highly p(q)ul()us districts, 
it may be the object of a forest servitudti, or roots may be 
extracted for cultivation of the ground. In other cases, stump- 
wood is used for the liorns of sledges, as knee-timber for ships 
and boats, for ploughs, etc. E.xtracting stumps is also useful, 
as by afterwards levelling the holes, the ground becomes 
thoroughly cultivated and suitable for sowing; for not only 
is germination facilitated, but in dry soils the young seedling- 
plants thrive best on the deei)ly worked soil of these holes, 
provid(‘d care is taken fo protect them from weeds. [Oak- 
standards over coppice in France are always uprooted, as the 
wood is tlius less liable to crack and a valuable piece at the 
base of the log is saved. — Tr,] fStumps are frequently breed- 
ing places for destructive insects, esj)ecially of tlie Pine- 
weevil ; they also shelter mice, so that their removal is 
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beneficial. That most destructive fungus, Armillarin viellcaf 
also spreads from stumps into neM^ plantations. 

There are, however, certain disadvantages involved in the 
removal of stnm])s ; in the first place, decayed stumps 
increase the humus and mineral matter in the soil. This may 
not he of iTuportance where the humus is carefully preserved by 
maintaining the leaf-canopy and [>rev('nting all removal of 
litter, especially on damp soils. Where, however, these condi- 
tions do not hold good, as for instance on poor sandy soil 
where the litter is removed, if the stumps are also extracted 
and the soil deprived of its last resource in organic 
matter, it may thus he rendered absolutely unproductive. 
Secondly, on steep slopcis, wherever it is essential to hold the 
soil together as much as possible, in order to prevent denuda- 
tion, extraction of stum])8 should he prevented. 

Extraction of stumps is, therefore, permissible wherever it 
can he done remuneratively, provided that no serious damage 
is done to the standing-crop, as for instance by extracting 
stumj)s of large reserved trees among poles or saplings, or of 
mother-trees among thoroughly stocked natural regeneration. 
It is advantageous : — wherever there are blanks and gai)s in 
natural regeneration, even in coppices, provided the loosening 
of the soil which accompanies the extraction of the stumps 
causes no local damage by Hoods, or on steep sloi)es by land- 
slips or avalanches ; wherever there is no fear of exhausting 
the productivenoss of the soil, and wherever it is wished to 
prevent daTiiage by delinquents extracting the stumps, or by 
insects, fungi or mice. 

Tlie question now arises whether it is better to extrjict the 
Btuuii)s or to fell the trees by their roots. There has been much 
discussion regarding this, hut there can be no doubt that up- 
rooting trees is preferable. By this method, much wood which 
would otherwise be wasted, or become merely firewood, is kept 
on the stem, and the roots are extracted not only more easily, 
but also more thoroughly. Stems uprooted also fall more 
lightly on the ground than felled trees ; so that there is less 
breakage and damage done to young growth, and the roots 
attached to the stem are converted more easily into smaller 
material than in the case of a stump. 
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Ab rtigarclfi the {^ain in tiinlier, it \h evident that a consuieraine 
and often hif^hly valualde addition in thnn made to the largest 
log in tlie tree. Thin may amount to H to 10 per cent, of the 
timber in tlie stem. All ^\indfalls are in this condition, and 
generally fetch good prices. 

Also it can ]>e sliown easily that uprooting trees is a less 
lahoriouH way of utilising root-wood than the method of ex- 
tracting the stumps; for it is clear that in l)oth methods the 
earth must l)e dug away from the roots, whilst the only 
advantage of the machiiKis is to sav(i a certain perctaitage of the 
manual labour, which must he em])loyed in extracting the 
Btump. Wluui, tlu'refore, nature oilers a U',v(‘r in the tall 
stern of tlu' tree iinnly fixed to the stump to he extracted, its 
effect can he replaced hy lu) comhination of machines, so that 
it is more folly to expcict better results from the latter. 
The stem itself tears from the ground a nun)her of small 
roots which could have been dug up only at a cost quite dis- 
proportionate to their value. It is also always easier to 
sei)arato the stump from the stem, after tlu> tree has licen 
felled, than while it is standing. According to ex2)ei’im(‘nts 
carried out hy Ih Hess, there is a gain in time and labour of 
20 p(‘r cent, in uprooting trees instead of felling them and 
then extracting their stumps. 

The advantages thus descrilxal of n])rnoiing the trees are 
sufficient to counterbalance entirely the alh'ged disadvantages 
of the method. It is stated, for instance, that the tree cannot 
thus he thrown with certainty in any d(‘sired dii*ection, hut 
hy using a tlirust-])ole, or a rope, and sev(u*ing carefully any 
resisting roots while the tree is falling, it can he thrown quite 
accurately. Another objection is made, that freipiently the 
falling stem tears-iip a large mass of earth with the roots, a 
statement often made erroneously and in any case not 
Bufficiently ohjectiomihle for the uprooting of trees to be 
abandoned. A larger hole is often made by^ gruhbing-out the 
stump than hy uprooting the tree. It is alleged also that 
uprooting trees seriously delays the felling oiau-ations. The 
3ub-aerial part of a tree is clearly utilised more quickly by the 
use of axe and saw than by uprooting the tree, but if the sub- ; 
^rranean part is required as well, there can be no advantage ‘‘I 
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in setting to work on the felling-area a year after the trees 
have been felled in order to extract the stumps. 

Whilst, however, in general it is proftirable to uproot the 
trees, cases occur wliere grubbing-out the stumps is necc^ssary 
or permissible I as for iiistaiico wlieie hilling is uig( nt but 
the ground is frozen, and in forest clearances, when there is 
no urgency for extracting the stumps. It is always pro-supposed 
that extracting stumps is done by the aid of implements, for 
when this is done by mere manual labour, it is the most 
tiresome and dilatory mode of utilising the roots of trees. 

[Wherever a clearance is to be effected for a forest-road, or 
ride, or for the site of a nursery or forest-house, etc., it is 
always better once for all to uproot the trees standing on the 
area. This is especially the case in India wluire buried stumps 
are attacked by termites and a dangerous place to trallic 
results.— Tr.] 


:l. FdluKj liulcH. 

Partly as regards caro tor the forest growth, partly to 
increase the (piantity and value of the yi(dd, anil partly to 
economise lahoiir, the following rules should he oliserved by 
woodcutters, 

i. The woodcutter must always endeavour to throw every 
stem, so that by its fall it will do the least amount of 
damage to the forest growth and felled timber around 
it. 

The attention of the woodcutter in this respect is parti- 
cularly necessary in the case of the final stage in shelter-woods, 
^election-fellings and in all reproduction-areas, and wheiever 
large trees standing over poles or saplings are to be felled. 

In order as fully as possible to carry-out the rule, the direc- 
tions of tlie forest officials should be followed closely, so that 
the young growth may be injured as little as possible. To 
secure this object, it may be necessary to lop all the branches 
from large trees before felling them. 

The skill and attention of the woodcutters are nowhere put 
to such a test, as in the removal of large trees from over poles 
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and BaplingH in tlic natural regeneration -fellings under the 
group syshun, Tlie more susceptible to damage the young 
crop, tlui most careful should th('. woodcutter be, and the more 
important it is to effect such fellings 
gradually, tliat is to distribute them 
over s('veral years, and to choose a 
season for the felling when the young 
growth is least brittle and least liable 
to damage by the unavoidable acci- 
dents contingent to fellings: in any 
case such fellings must never be 
inidertaken during frost. 

Secondary ftd lings over young seed- 
lings are Jilso highly dangerous to the 
young growth, and should be effected 
only when sufficient snow is on the 
ground to pr«)tect the plants. 

'riu‘, lopping of branches from 
standing tn^es may secure several 
objects. It soinetinjes assists the fall 
1,-1. . , , hi a certain direction to lop 

tree. (T. n. Mojiteath.) ^he branches from the opposite side 
of the tree, but the chief reason for 
lopping the branches is that the tree in its fall may do as 
little injury as possible to thei young growth. 

Whether this lopping is necessary or not depends on several 
circumstances. In the first place, 
it must be remembered that it is 
not the stem, but the crown of 
the tree which may do serious 
injury to the young plants. If, 
therefore, it can he arranged to 
throw a tree with its crown on a 
blank unstockod with young growth, 
Fig.HH.-rlinibing.iroiis. loppuig its 

i branches. In such cases several 

[trees may be thrown with their crowns on the same blank. 

' Lopping the branches of a tree is dangerous, and men 
capable of doing it are not always available, so that the forester 
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will if poBsiWe avoid the practice. In certain regions, as in 
France, the Black Forest and many Alpine forests, ex- 
p0].j0Q(.0(t climbers who mount the trees with climhing-iions 
‘(Fig. 148), may be found ready to do the work, on account of 
the high rate of remuneration. Wherever a coniferous tree 
standing over a group of young conifers is to be felled, first 
its stem should be cleared completely of branches, and the 
narrow alley it makes in the young wood will soon become 
closed. This is especially desirable in coniferous forests, for 
injured advance-growth is very liable to insect attacks. 

Lopping the heavy boughs of broadleaved trees standing 
in the midst of young growth may injure the latter, whilst 
the entire crown' might fall beyond it, and in any case not 
injure the plants so much as do the separate boughs. 

[The branches and top of very tall oaks and beeches are, 
however, lopped in France, in order to prevent their long 
valuable stems, which are much lighter without their lofty 
crowns (Fig. 147), from cracking in their. fall.— Tr.] 

I’aluable little stems in jHile-wooda may often be l)eut back, 
or tied back by withes to allow for the passage of the falling 
stem. It is, however, an error to be too anxious to prevent 
damage to young growth in n felling, for everyday experience 
shows that what appears to be serious devastation is no 
longer noticeable after a few years. Even where a valuable 
standard tree standing over largo poles has become mature, 
no hesitation'should be shown in felling it. 

ii. Each stom should be thrown in such a direction that it 
does itself the least amormt of harm. 

As regards the direction for felling on slopes, the danger of 
breakage is much lessened by throwing the tree uphill, as then 
its summit describes the smallest arc and attains the least 
velocity on reaching the ground. Therefore, in felling valuable 
tall timber trees, it is better to fell uphill. On very steep 
slopes it may be advantageous in the case of firewood trees to 
throw them with the crown downhill, so as to prevent the tree 
from sliding any further. 

?■ [In the Himalayas, however, the plan of felling uphill was 
iilandon^ in steep places owing to the danger this daused to 
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me wooacutierB, the base of the tree often shooting out hack-J 
wards or sideways from the stump. This danger may be;i 
avoided by felling sideways, on to a contour line, if the merf^ 
|l8liand above the tree at the moment of its fall. — Tr.] ’ 

In order to prevent the stem from breaking, the configura- 
tion of the ground on which it will fall should be inspected 
carefully, as felling across gullies, on to rocks or other stems 
may break the tree. In the case of valuable timber, where 
there is an object in securing as long and straight pieces as 
possible, or where valuable curved wood is being felled, great 
care must be taken not to throw the tree on to stones or frozen 
ground ; therefore felling valuable trees should be stopped 
during a hard frost. 

In such cases a soft bed of branches or faggots may be 
placed under tin; trees, on to which they should be felled ; or 
they may be felled against a neighbouring standing tree, pro- 
vided that it is also to be felled. A tree may be felled, so 
as to fall slowly, by forcing it over by means of wedges before 
it is completely severed from the stump. Where a tree is 
not too tall, it may preserve the lower part of the stem from 
breakage to fell the tree without previously loi)ping any of 
its branches. 

iii. In felling timber .trees, attention should be paid to easy 
removal of the logs. 

Trees should not, therefore, l>e felled across or into ravines, 

, but, provided rules i. and ii. are observed, into such a position 
that their removal may he effected easily. 

- Long stems are most easily removed downhill, when they 
lie along the slo{>e of the hill with their thicker ends downwards^ 
and this position is secured by throwing them uphill. 

iv. Boring a strong gale, felling operations must be 
suspended. 

This should be attended to, at any rate, wherever the dire<f*v 
lion in which the irees will fall is of importance, for then 
Woodcutti|rs are no longer able to guide the trees. 

The wind is the woodcutter’s wDrst enemy, and it ii|uaa 0 ^fjf| 
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during a gale, which prevents the men from hearing what is 
; going on around them, that most felling accidents hapi^in. In 
r felling a tree, the woodcutter is safest near tlie stump and at 
right angles to the direction in which the tree will fall ; the 
most dangerous place in felling uphill is behind the stump, as 
already explained, especially in the case of crooked trees. 

V. Great care must be taken that no trees intended to form 
a shelter-wood, or to be left standing for any reason, 
are injured by the fall of the trees marked for felling. 

If such an accident should happen, a few marked trees should 
be left unfelled from which the forest-manager -may choose 
substitutes for those injured. This should bo done also in case 
windfall or theft has removed any of the selected shelter-trees. 
•Poles or saplings bent by the felling should, if possible, be set 
straight, or if too much injured for that, should he cut-hack 
level with the ground, with a sharp instrument. 

When a tree falls out of the proper direction, it frequently 
happens that it rests or remains hanging on another tree. 
Such a tree usually may be brought to the ground by cutting 
it away from its stump, to which it is often still attached 
in such cases ; or one or two short logs may be cut away 
from its base; or use may be made of the screw-jack to 
release it. If, however, no other means of releasing it are 
available, a man must climb the trees on which it is resting 
and lop off the branches which impede its fall. 

[In tropical countries, where large lianes abound in forests, 
tljese should be severed near the ground, two years before 
felling, so that the stems of the liaiies which frequently 
enlace several trees may become rotten before the felling takes 
.place; otherwise a whole group of trees may have to be felled 
at once, if it is desired to fell any of them. — Tr.] 

yi Trees exceeding 6 inches in diameter, chest-high, should 
be felled always with the saw and axe ; smaller trees 
and very large trees may be felled with the axe alone. 

^ Jn all cases the cut should be as near the soil as possible, 
the height of the stuipp should not exceed 
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third of its diameter, or sa,y one foot for large trees and six 
inches for small ones. Exceptions, however, occur to this, 
rule : thus in the Harz, stumps three feet high are left, as they 
ilEkke the best charcoal for blast-furnaces ; in other places 
forest-rights compel the managers to leave high stumps. 
[Mahogany and other tropical trees which have large but- 
tresses rising from the roots are felled by erecting platforms 
above these buttresses.— Tr.] Wherever the trees are uprooted, 
care must be taken that this is done thoroughly, so as to save 
all rootwood over inches in diameter, and the holes made 
in the ground must be tilled again carefully. 

vii. Wherever coppicing is effected, only the axe or billhook 
and not the saw should be used, in order that smooth 
surfaces not liable to decay may be left to the stools. 

The cut surface should be (juite smooth, and the stools must 
not be split, nor the bark torn from them ; poles and saplings 
therefore must not be bent over by the woodcutters whilst they 
are being cut, and every woodcutter must use sharp tools. 

In the case of all trees vbich reproduce by suckers (elm, 
white alder, lime, asjKiTi, common maple, hazel and most 
willows) and of those which shooi out from collum-buds, pro- 
vided the stools are not very old, the cut should be as deep 
into tlm ground as possible. In this way the shoots will come 
out close to, or even below the surface of the ground, and will 
produce new roots for themselves, and thus new stools will be 
formed. The beech, on the contrary, shoots high up on the 
stool ; for beech, therefore, for alders in ground liable to 
inundations, and for birch on poor soil, each successive felling 
must be made slightly higher than the previous one. 

The yield of a coppice is maintained only by preserving the 
strong old stools ; young seedling plants do not compensate for 
the death of these. Old stools may be kept productive for long 
periods, if they are cut somewhat higher at each felling. If 
stools get covered with moss and knobbed, they may be left 
up to six inches high in the case of beech and other species 
which do not produce suckers. Oaks and hornbeam, as a rule^. 
are least sensitive to bad coppicing. In the case of pollan^ 
the cut is raised slightly at each felling. 



viii. Woodcutters, as a rule, should not fell more trees than 

they can convert and remove in the next three or 
four days. 

This tends to facilitate order and supervision, and also to 
economise labour, for otherwise not only would they have 
insufficient space in which to work, but also encroach on the 
space of neighbouring parties, whilst the removal of the wood 
would be delayed till all the felling was over. Only in the case 
of thinnings or clearances should all the trees first be felled 
and then converted into marketable sizes. [Also in selection- 
fellings and where the trees to be felled are far apart, as in 
Deodar forest in India, when all the trees may be felled and 
afterwards converted. — Tr.] 

ix. Whenever there is fear of damage by insects cr fire, the 

woodcutter is bound to clear away all wastage of broken 
branches and twigs from the felling- area. 

Wherever the brushwood cannot be otherwise utilised, as 
in remote mountain-forests, it should be collected in heaps, 
leaving room between these for the removal of the timber. 
After the felling is over, the brushwood is often spread over 
the area to protect the young growth from frost, heat, and 
cattle, or it is burned. 

X. Wherever breakage has occurred, owing to wind or snow, 
the work of felling should commence on the side of the 
prevailing wind and proceed in its direction. 

Clearing extensive areas covered by windfalls is often a most 
dangerous occupation for the woodcutter. Trees crossing one 
another and wedged together can be separated only with the 
greatest difficulty, whilst when a stem has been cut from its 
roots and the attached ball of earth, the latter may suddenly 
turn over, and accidents can be avoided only by great care and 
attention on the part of the woodcutter. 

Section Y.— Rough Conversion or Wood. 

By rough conversion of wood is meant the woodcutter's 
work of dividing felled trees into pieces of dimensions suitable 



br transport. Any further preparation of ine wuuu uiw 
marketable pieces is usually the work of the timber-merchant^ 
or middle-man. 

No part of the work on the felling-area is more important - 
khan rough conversion, or re^juires greater supervision and 
care on the part of the forest-manager, for it has a very great 
influence on the forest revenue. In order that a forest may 
be managed so as to satisfy the demands of its owner, as well 
as of the neighbouring population, it is necessary in forestry, 
as in all other branches of industry, that every endeavour 
should be made to utilise the raw material completely and in 
all possible ways, and thus meet the actual requirements of 
the public. The trees therefore must be converted into timber 
from an entirely mercantile jioint of view. 

As a last resort, all timber can be used as firewood ; when- 
ever then it is fit for fiud only, the business of conversion is 
reduced to the simple operation of preparing tlie usual sorts 
of firewood. 

Since, however, in most districts the value of firewood has 
of late years been greatly reduced, and a revenue can be 
obtained from many forests only by sale of the timber which 
they produce, the most important point here is the conversion 
of the latter. The chief rule is, therefore, to produce as much 
timber of good quality as possible, and in order to attain this 
object tlu)rouglily, a forester must have a certain knowledge of 
the requirements of the differeiil industries where wood is used. 

The Wurtemburg rules for the conversion of wood are exceh 
lent, (i.) The outturn of timber as compared with firewood 
should l)e as large as possible, (ii.) All the material from a . 
felling should be converted so as to produce the liighest possible ■ 
l^uniary return, (iii.) AJl Jogs should he as hug as possible, i 
;iv.) Sound timber should he separated from all that is ^ 
)! doubtful quality, (v.) Defects should not l>e concealed, v 
(vi.) The converted wood should have a good external shape. ^ 
$ ; The subject will be dealt with as follows first, the 
cumstances which decide on the mode of conversion to bel 
applied; then the usual assortments of timber and firewood 
and the of conversion by the woodcutter ; and, fina^l 
iffie general prtuciples of rough conversion. ’ . 
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1. Mode of Conversion to he A2)plie(L 

The mode of conversion suitable to any particular felling- 
area depends on the adaptability of tbe wood and the demand 
for it. 

(a) The Adaptability of the Wood. 

This varies with the species, form, dimensions and quality 
of |he wood. 

i. Speries of Wood. 

The uses of the different kinds of wood will be discussed in 
Chapter YI. ; it will be shown that conifers are used chiefly 
as timber and that, of broadleaved species, it is the light- 
demanding trees, and, above all, the oak, which yield the 
most valuable timber. 

The following remarks refer to the usual forms of woods 
met with. Pure beech high forest is frequently a fuel forest, 
and only a small portion of tbe yield is then treated as timber. 
Sometimes, owing to a favourable market, as, for instance, in 
the chair-making districts of Buckinghamsliire and Oxford- 
shire, or in Belgium, this is not the case ; but frequently the 
timber yield of a pure beechwood is not more than 10 to 20 
per cent, of its total yield. 

\Vherever aspen, birch, willows, limes, etc., are mixed with 
beech', there is a rise in the timber yield, but this can be con- 
siderable only when oak, ash, sycamore, or elms are mixed with 
the beech. Such mixtures are the most valuable forms ol 
broadleaved high forests, as in them th^ light-demanders 
thrive best and attain their best shape. The timber yield 
;; of such forests may be 20 to 30 per cent, of their total yield, 
and even more. A mixture of conifers in beech forest is 
very valuable, as the former then attain their best dimensions 
atid quality. 

" In the Rottenbuch forest range, which is the range richest 
'in fine oak trees of the whole Hpessart, the yield of oak*^ 
Jlimber between 1860 and 1880 was 26 per cent, of the total 
yield. - 

1^;; The yield of oak- timber does npt depend so much on the 
^^tity of oak4reee in a mixed wood as on their age an^ . 
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soundness, and throughout the renowned oak-forests of the 
Bpessart usually only 40 per cent., or at most 50 per cent., of 
the felled oak-trees can be used as timber, the remainder,; 
usually yielding only inferior firewood. [In the h rench State 
forests of Berc^ and Belleme the percentage of oak to beech 
and hornbeam is 50 and the yield in oak timber at least as 
high as in the Spessart — Tr.] 

Pure alder- woods yield chiefly timber, but are, unfortunately, 
decreasing in area, though greatly esteemed for the manufac- 
ture of cigar-boxes. [In Britain they yield gunpowder char- 
3oal and clog-wood.— Tr.] 

It is rare to obtain more timber than firewood from broad- 
ieaved forests ; the contrary prevails in coniferous woods, and 
ivherever conifers are grown, mixed with broadleaved trees, 
;hey form splendid trees, and the yield of such forests in 
valuable timber is very high. Woods of spruce, silver-fir, 
md Scots pine [also larch in Britain.— Tr.] or mixed forms 
)f these with beech as a subsidiary species are the chief kinds 
)f coniferous forests in Eurojje. In the case of spruce and 
lilver-fir woods, the timber yield may, under favourable 
lircumstances, go up to 75 to 80 per cent., and exceptionally 
)e even higher ; in forests of common pine, up to 55 to 70 per 
sent., whilst in the north of Europe their yield in timber may 
jqual that of spruce and silver-fir. 

Coppice-with-standards, on good soil and well stocked, yields 
5ne timber; it is the only system caivable of yielding the 
hardest and most durable wood of oak and ash. 

Coppice yields chiefly firewood, and also small wood required 
in agriculture, such as hop-poles, vine-props, hurdle- wood, 
laundry-props, orchard and garden tree-proj)s, crate- wood, 
bean and pea-sticks, fascines and osiers. Also much pit- 
wood for mines. 

ii. 8fia}m of Trees. 

As a rule, large dimensions in length and diameter, and 
straight and cylindrical stems, are required for the best 
timber. A large diameter is generally more important than 
great length, and it is trees of large diameter which are 
^eable at present. As this implies long rotations, the yield 
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in timber in even-aged woods increases naturally with their 

rotation, up to a certain point. 

In uneven-aged woods, where there is a stage of inferior trees 
below the more valuable ones, the latter may attain their 
largest dimensions in diameter, and cylindrical shape. 
Although, as stated, the yield of timber from a wood increases 
with its age, it must not be supposed that the poles which are 
the produce of thinnings are not utilisoble as timber (for 
paper-pulp, pit-props, etc.). As a rule, the best timber should 
be as straight as possible : the demand for crooked andcmved 
timber required for ships, boats, wheelwrights, saddlers, etc., 
is produced only by standards over coppice or by hedge-row 
trees ; but since timber is bent artificially, the demand for 
naturally curved trees has been reduced. 

iii. Quality of tho Wood, 

The hrsi enquiry should be to ascertain whether or not the 
wood is perfectly sound, absolute sbiindness being the first 
condition of the admissibility of wood as timber ; this should 
be investigated most carefully in the case of trees from old 
woods, whether broadleaved or coniferous, which are destined 
for long water-transport and may not be carefully treated in 
the timber depots. The grain of the timber should be con- 
sidered next, whether it be coarse or fine-grained, knotty or 
free from knots. The mode of disposal of timber from 
pines, larch and oak, is affected by the quantity of heartwood 
the trees contain, also by the fact that its fibre is straight or 
twisted, splits easily or with difficulty, its stem more or less 
cracked, containing cup-shakes, etc. These defects have been 
described in Chapter L 

From what will be said in Chapter VI. it will be evident 
that the quality of a timber should govern its future mode of 
utilisation. 

Local defects in a stem may render only a part of it use- 
less for timber, and this is especially the case with oakwood 
and other valuable goods. In converting such wood, there- 
fore, great care must be taken to utilise fully all the good 
pieces. 

The present market-prices for sound, straight-fibred wood 



are at least 80 per cent, higher than for wood of ordinary^ 
quality, with which the market is glutted. For certain^ 
industries the structure of the annual zones of wood and its' 
grain are of the highest importance, as in wood for musical 
instruments and mast-wood, also in the grain of fancy woods 
for furniture. The degree of hssibility is also highly im- 
portant, especially in extensive coniferous forests, where a 
very large amount of the annual yield of wood is split into 
various wares ; also in the case of oakwood, suitable for staves. 
In some forests, as in Bavaria, the trees are examined as to 
their fissildlity before being felled, by trimming off a patch of 
their sapwood. Not every kind of heart-shake will render 
a tree unsuitable for timber, and even a heart-shaken tree 
may be sawn into planks provided the shake is in a line right 
through the core of the tree; heart-shakes also are often 
confined to the base of the tree, and may be disposed of 
by sawing one or two short logs from it. 

Cup-shake and twisted fibre may however render a tree 
unfit for timber. 

(b) Demands of the Market. 

The mode of conversion to be undertaken depends also 
on the demands of the market. For wherever there is no 
demand for any sort of converted timber, nor for any timl)er 
at all, it is evident that firewood only will be prepared. The 
demand is measured by the price, and wherever any assort- 
ment of timber fetches a higher price than firewood, conversion 
into timber should result. The rule should therefore be to 
produce as much good timber as can be utilised profitably, 

■ without including the smaller sized material resulting from 
ithinnings with which the market is soon glutted. The 
demands however for timber now-a-days are subject to great 
Variations, and there is a considerable demand for poles for 
paper-making and pit- timber. 

Wherever there are forest-rights to firewood, the outturn in 
timber is limited by their demands, and frequently, if such 
dghts cannot be compensated in money, wood of the best 
quality has to be sacrificed to meet these demands. 

■ On the average in the different German countiiea. tW 
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^tMnmoh of timber is really large only in Saxony, and was 
m follows in 1899 :— 



Percentage of whole { 


yield. i 

Country. 


— 


Timber. 

Pirewocxl. 

AlsaceiTjorrainc 

42 

68 

Baden i 

49 

51 

Bavaria 

51 

49 

Wiirtteraberg 

5<i 

44 ! 

Prusbia 

56 

44 

Saxony 

79 

24 


All these figures are not prepared on the same basis, 
as in Saxony 60 per cent, of the wood is used for paper- 
pulp and mine-props, while the comparative richness or 
poverty of a country in coal affects greatly the demand for 
fir ewood. In the Bavarian Alps nearly all top-and-lop is 
left in the forests, so that the percentage of wood brought 
out is 90 per cent, in timber. Such figures therefore are 
of relative value only. 

2. Timber ’Assortments. 

It is evident that generally the woodcutter cannot undertake 
to prepare timber for the market in the ultimate form it 
assumes when taken over by the different industries. This 
f would require much too extensive a know ledge of the latter* 
As a rule, therefore, it suffices to divide the trees into trans- 
portable pieces which by their dimensions and qualities are 
suitable as the raw material of an industry, or of a whole group 
of industries. The further detailed conversion may be left to 
the special industries, or to the wood-merchant. In small 
private forests, howmer, matters may go further in this 
respect. 

[The best example in Europe of detailed conversion as well 
As of labour-saving means of transport may be seen in the 
gihlwald, belonging to the town of Zurich, where the wood 
& converted on the spot into all kinds of commodities, down 
'to wood-wool for pa6king. — Tr.] 

I The various pieces into which a tree may be converted by 
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iiie woodcatter are termed rough assortments of timber, and 
ire distinguished as follows : — 


Timlior. 

Firewood. j 



Butts 

Poles 

Stacked timber 

( Material (beansticks, etc.) from the 
Brushwood -( 

and coppice fellings, dtlier than fag- 
i ,£;ot-woo(i. 

i 

Split billets. 1 

i Round billets. 1 

! Root and stump billets. 
Fag^ot-wood. 


(a) Timber. 

Timber is usually in logs or poles, sawn or cloven pieces. 
It is also popularly distinguished according to its destination 
for building purj)oses, implements, manufactures or agriculture. 

Building>Timber is used in superstructures, bridges, embank- 
ments, mines, roads, railways, or in ship and boat-building. 

Timber for Implements is used for water-mills, windmills, 
stamping-mills, oil-mills, etc.; also in many countries for cart- 
wrights’ work, etc. 

Manufacturers’ Timber is used in all ordinary wood-working 
industries, such as cabinet-making, carriage- or cart-building, 
turnery, wood-carving, coopers’ work, etc. 

Agricultural Timber is used for gates and fences, hop-poles, 
hurdles, stakes, pea and bean sticks, etc. (ritle Chapter VI.). 

^ From a careful consideration of the distinction between the 
different kinds of timber available, a forest-manager will 
readily perceive how his trees should be converted in order to 
meet these various requirements. 

^ Wood from stems is usually classed as logs or butts. The 
distinction between stems and poles and between logs and 
butts varies in different forests, but the following classes 
usually occur in the timber-trade. 

i. L(f(/s. 

Logs are the boles of full-grown trees, or the greater part of 
them, after they have been topiwd and freed from branches. 
Logs should measure at least 28 feet (7 meters) in length; ; 



their mid-diameter should be at least 6 inches (15 centimeters) 
without bark, including the bark, 7 inches (18 centimeters). 

In most cases the longer and straighter the logs and the 
greater their diameter at the smaller end, the greater is their 
value. Logs are used chiefly in the different building-indus- 
tries, but also to a small extent for implements, sails of 
windmills, stamping-hammers, etc.; as cloven- wood, for 
which only straight-fibred timber is admissible, they are 
rarely required in full length ; as sawn material they are 
used chiefly in building ships, barges and boats, also for 
bridges and in mines. 

ii. BhUs. 

Butts are round pieces of stems or of exceptionally large 
boughs, usually cut from the shorter and thicker part of either. 
A butt should be less than 28 feet (7 meters) in length, but at 
least 7 inches (18 centimeters) in mid-diameter measured 
without the bark. Whilst therefore in length a butt is 
surpassed by logs, its chief value lies in its larger diameter. 

Butts are chiefly coniferous, as broadleaved timber is now 
exported mostly in logs. They are used for piles, mining 
purposes, railway-sleepers ; shorter pieces (partly curved) in 
shipbuilding ; also in the construction of bridges and roads. 
In machinery they are in demand only slightly for rests, or 
sockets, anvil-stocks, pounding- troughs, etc. They are largely 
used as cloven-wood by the stave-maker, cooper, wheelwright, 
turner, shingle-maker, etc., also for wood used for musical 
instruments, gunstocks, etc. Butts are, however, used chiefly 
for sawn timber, and the bases of coniferous stems to form butts 
for sawmills in lengths of 10, 12, 14, 16, 18, 20 and 22 feet, 
those from 12 to 16 feet long (8J to 5 meters) being preferred. 

Wood also of oak, beech, poplar, alder for cigar-boxes, and 
other kinds, is cut into butts of similar dimensions for 
sawing. 

hi. Poles, 

Poles are young stems, generally the produce of thinnings 
01 : coppice-fellings, and usually measure less than 7 inches 
^18 centimeters) and down to 2J inches (6 centimeters) in mid-, 
diameter, being always measured unbar ked. They are usually 
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sold unbarked at their full length for pit-props, snatts^^ 
ladders, hop-poles, tree-props, walking-sticks, umbrella,-^ 
handles, ])ean-sticks, etc. They may also be split into crate- 
' or hurdle-wood, but are sawn into scantling very rarely, 

iv, t^Uu'hil 

This is in the form of round or split pieces, which are piled 
like cordwood and sub-divided into two classes — 

Pieces over 0 inches (15 centimeters) in mid-diameter. 
Pieces (6 centimeters) to 6 inches in mid-diameter. 

Stacked timber is used by the clog or sabot maker, cooper, 
brush-maker, sieve-maker, wheelwright, turner, stave-maker, 
and in many places worked into vine-props. Bound pieces 
are used now chiefly for making paper-pulp. 

v. lirnahivooih 

Wood less than 3 inches (7 centimeters) in diameter at the 
thicker end is termed brushwood, and is generally piled 
between stakes. It is partly branchwood, but chiefly the 
produce of coppice, and is used for fascines, pea-sticks, 
brooms, fencing material, etc. In the case of osiers it is used 
for basket-work. 

(b) Firewood. 

After all the wood which can be used as timber has been 
prepared, what is left is firewood. 

Firewood is stacked for measurement, and termed cordwood. 
In Gemany, Austria-Hungary and Switzerland, the usual 
length of pieces of cordwood is 1 meter, or 89 inches, but 
measure is not compulsory, provided the volume is com- 
iputed in stacked cubic meters or feet. [In Britain the length 

billets is usually 8 feet.—Tr.] 

V Firewood is distinguished as follows according to the shape 
and size of the pieces ; — 

i. Split Billeh. . 

> Split firewood comes from stems and branches measuni%;^ 
^roBS the smaller ends at least inches (14 centimeters)i 
in Switzerland, inches (li centimeters). 
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A billet of split firewood should measure from 5J— 8 inches 
<14 to 20 centimeters) along the chord of its smaller end, and 
exceptionally up to 11 inches (28 centimeters); it should 
always be split from the core of the tree. 


ii. Round IJilleis, 

Round firewood billets are unsplit round pieces of wood 2^— 
5J inches (7 — 14 centimeters) in diameter at the thin end. 
In many districts, wood of this class is split in half. Round 
pieces of larger dimensions are used sometimes in charcoal- 
making. 

It is advisable always to split the round pieces of firewood in 
order to ensure drying, reduce carriage and increase the heat- 
ing power of the wood. Experiments have shown that round 
firewood when split loses 27—28 per cent, more weight in the 
five winter months than unsplit wood, and Schuberg has proved 
experimentally that its loss in weight in four weeks time is 
double that of unsplit firewood. 


iii. Rfump- and RooUtvood. 

Pieces of stumps and roots of all sizes, provided they are not 
longer than the other pieces of cordwood and may thus be 
conveniently stacked, form this class of firewood. 


iv. Faggot-wood. 

Faggot-wood includes all refuse crown, branch, and coppice- 
wood under 2J inches (6 centimeters) in diameter at the larger 

„ This is either piled in heaps about equal in size, or tied 
into bundles termed faggots, or bavins, which are of about 
the same length and circumference as split cprdwood 
billets. The remaining refuse of the felling is collected in 
heaps, and may be given away to the workmen, or auctioned. 


3 . The Work of Conversion, 

The work of conversion comprises the woodcutter’s work of 
the different assortments just described from the 
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felled trees, and demands the greatest care and supervision on 
the part of the forest manager. 


(a) Conversion of Timber. 

i. Removal of Bmmhes, 

First the felled tree is freed from branches from its base 
upwards, tlie axe, or lopping-axe with a thick back, being 
generally used for the purpose. 

The branches must be severed smoothly close to the stem, 
and all projections on the stem and stumps of branches 
removed. If the branches are large enough to make cord- 
wood they may be sawn into suitable lengths whilst still 
attached to the stem. In other cases, and where it is prefer- 
able to use the axe, the branches may be cut from the stem 
and placed aside while the woodcutter is occupied with the 
stem. Whilst one man of a party removes the branches the 
others shorten the stem. In most cases the branches are fit for 
firewood only, but wherever some of the boughs in the large 
crowns of certain trees can be used as timber they should be 
set aside carefully, as thus pieces of valuable curved and kneed 
wood may be secured. 

In the case of oak trees the portion of the stem above the 
insertion of a large bough is so reduced in diameter that 
the stem should be severed at this point. The top is so 
much the more valuable if it forms a knee with an upper 
bough. 

Knee-pieces also may be obtained from a portion of the 
base of a tree and of a strong root, if the tree has been 
uprooted. 

ii. Measurbu! the JSfm. 

Once the stem has been freed from branches it is measured 
with a yard or meter measure, and the diffecent yards or meters 
marked on it by slight cuts in the bark. If the stem is fit iot 
fuel only, it is then sawn through at these points (or into other 
short lengths) ; if intended for timber, it is cut into suitable 
lengths according to circumstances. 








lii. Determining the Amortmmt. 

Once the tree has been freed from branches and measured, 
it must he decided from a consideration of its species, dimen- 
sions, form and quality, and the demands of the market, into 
what assortments it will he converted. This decision is of the 
greatest importance ; it usually should be made only by one of 
the forest staff. The usual rule is to allow the stems fit for 
timber to retain their full length as much as possible. There 
are many exceptions, however, to this rule, which is more 
applicable to coniferous than to broadleaved wood. 

(a) Quality. — Only perfectly sound wood should be con- 
verted into timber. This rule is specially applicable in the 
case of oakwood, which is often full of defects. Large old 
beech, spruce and silver-fir trees are also often heartshaken, 
cracked, infected with red-rot, or brittle at the base of the 
stem. Whenever pieces of timber of doubtful soundness, or 
from which the defective parts have not been carefully removed, 
are offered for sale, future sales of timber are greatly prejudiced. 
When, therefore, there are any doubts as to the soundness of 
the wood, it is better to cut it into shorter pieces than to 
send suspicious looking goods to the market. Ihe timber 
purchaser, now-a-days, has had too much experience of such 
pieces. 

(b) Shape of Stem.— -Wherever long pieces are in demand, 
it is unusual to include iu them the small end of the stem. 
The next point is, therefore, to decide where the top should be 
cut: as a rule, this should be wherever there is a marked 
falliug-off in size, or a change of shape, in the stem; 
wherever, in fact, the top of the stem may be utilised dif- 
ferently from its lower portion. By leaving a piece of wood 
at the end of a log, which does not accord well with it, the 
value of the latter is not increased, for the purchaser always 
excludes this piece from his estimate. If, however, the forest 
owner cuts off such a piece, it will be utilisable at any rate as 
firewood, and in the case of oak may be used as a railway- 
Sleeper or gate-post, the value of which would not be con8idere4 
^y a purchaser of the bole. 

Straight, long pieces which are chiefly coniferous, need not 
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^fier removal of their end-pieces, he farther shortened, and 
fchis is also the case with sound oakwood, even if not quite 
straight. In such cases, the longer the log the more valuable 
it will be. But as regards coniferous wood further considera- 
tion is necessary. Logs in the Schwartzwald and elsewhere 
are sold by the length and the diameter of tlieir smaller 
ends; this sfjould he the universal rule with coniferous 
timber. In such cases, the best place foi* removing the end of 
a log is where the small-end diameter approaches as nearly as 
possible to the minimum admissible. This is rarely less than 
6 inches for logs, and it may he laid down as a general rule, 
that the small-end diameter f)f a log should he one-third of 
that at its base. 

Formerly coniferous logs w'ere sold usually by their cubic 
contents calculated from their length and mid-girth, but 
recently this measure is being abandoned for that of their 
length and small-end diameter. In such cases the measuring 
of the mid-diameter serves only to calculate the cubic 
contents. 

(c) Demands of the Market.— There ure districts where long 
logs are not in demand, but butts for sawmills are preferred, 
and the finest spruce-logs are cut into suitable lengths for the 
neighbouring sawmills ; where tine, straight oat stems must be 
cut into short lengths for slaves, and so on. In other dis- 
tricts long logs are required for floating. In such cases, the 
custom of the trade must he followed in converting the timber. 
It should also be considered whether, or not, the customs of 
the market are stable, the former being frequently the case in 
districts richly supplied with sawmills, and more so wdth coni- 
ferous than with broadleaved wood. In other cases, and especi- 
ally with oak-timber, the demands of the market are very 
variable, depending on a good vintage, on large imports of 
foreign timber, etc. It is then prudent to cut the logs as long 
' as possible, provided they are sound. 

In other districts, where timber is used chiefly for local pur- 
poses and both short and long logs are wanted, it is better to 
cut one or two butts for sawmills from the base of the stems 
and retain the remainder as long as possible for building pur- 
poses, A prevalent demand for long logs will occasionally: 
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modify this rule and decide on tlie number of sawmill butts 
which will be sawn from the stem. It is not, as a rule, 
financially advisable to prepare butts for sawmills of less mid- 
diameter than 12 to inches (30 to 85 centimeters) ; small 
butts may, however, be split or sawn into laths. 

(d) Facilities for Transport.— In converting large standards 
over a dense growth of saplings or poles, it is often considered 
l>e8t, out of respect to the young wood, to cut them into short 
lengths. Exceptionally this may be justifiable, but usually 
should be avoided, foi: the standard was retained expressly to 
yield large timber. 

All shortening of stems should be done with the saw\ and 
only long logs which are to be dragged along the ground, 
slid down-hill with ropes, or floated in rafts, should have their 
larger ends rounded with the axe. 

There are many localities, in more or less accessible moun- 
tain districts, where the method of conversion depends on the 
possibility of transport, and where the preparation of long 
logs cannot be contemplated, because they cannot be 
removed. 

iv. E'Xjmure of iJ/ferfs. 

All wood, and especially pieces of valuable broadleaved 
timber, should be exposed by cutting through all swellings, or 
overgrown knots, so as to show its inner quality and increase 
the confidence of the purchaser. 

In the Spessart, and for the Baltic trade, oak-logs are split 
down the centre into half-balks, so as to expose completely the 
interior of the wood. This wood is used by the cabinet- 
maker. 

V. Preparation of the most Valuable Assortments, 

Whenever stems may be converted in several ways, that way 
should be adopted which is ex^jected to yield the best price. 

vi. Conversion of Poles. 

. Poles, suitable for pit-props, hop-poles, cart-poles, telegraph- 
posts, ladders, shafts, hurdles, bean-sticks, etc., which come 
partly from the principal fellings, but chiefly from thinnings, 
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present the least difficulty in conversion. The species, and 
the greatest possible degree of straightness, are the chief points 
to attend to. 

In some cases it is necessary to leave the poles quite un- 
shortened, as for hop-poles, where the branches are not lopped 
off close to the stem, hut snags of branches are left to assist 
the climbing of the hops. Sometimes the tops are left, as a 
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U9.— Comnioi). Fig. 150. Bliick Fore.-.t. Fig l.'I. Upper Bavaria. 

proof that the poles were not dead when felled. Clothes-props 
also, and props for trees, are left forked at the top. The top 
IS removed fron^ cart-poles. 

. The dimensions of the different assortments vary locally. 

Thus, hop-poles may be between 16 and 30 feet (5 and 10 
meters) in length . Telegraph-posts should be 7 to 10 inches 
(18 to 25 centimeters) in diameter, at 1 yard from the butt- 
end ; hop-poles 2J to 5 inches (6 to 12 centimeters). Hop-poles 
generally are felled deep into the ground with the axe, whil^: 
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ladder-wood and wheelwright’s wood should be sawn straight 
at the butt. 

vii. Umova} of Hark. 

All stems felled during summer in coniferous forests are 
usually barked to prevent insect-attacks, facilitate transport 
and preserve the white colour Of the wood, ilie wood may be 
barked completely, whenever this can be done, as in spiing 
and early summer. During autumn and winter the bark caii 
be removed only partially. 

Although complete barking gives the wood a better appear- 
ance, yet the rapid drying which ensues fre(piently causes 
numerous cracks into which spores of fungi are conveyed by 
the rain, and then the timber is liable to decay unless rapidly 
transported to its destination. 

In this respect partial barking is superior, 'i’he tools used 
for barking are shown in Figs. 149, 150, and 151, and com- 
pared with the axe they save 50 per cent, of labour. Usually 
large stems with rough bark, especially during winter, are 
barked with the axe or adze. 

It has recently become usual to bark round stacked pieces, 
especiall}^ pulp-wood ; also the larger poles and especially 
hop-poles, but then only partial barking is necessary. 

(b) Preparation of Firewood. 

Firewood, especially split and round firewood, is prepared 
from the remains of the stem and branches after conversion 
of the timber ; or whole firewood trees, as in beech forests, are 
freed from branches, marked-off into lengths, and then sawn 
into short butts. 

In cutting-up butts for firewood, chiefly the curved saw is 
used, and the work is assisted by wedges, which are inserted 
as soon as the saw-cut is deep enough. Woodcutters must be 
careful not to cut obliquely, as they may easily do by mistake 
on sloping ground. The cut must be at right angles to the, 
axis of the tree, if the cords of firewood are to have a good 
uniform appearance. As a rule, the larger branches aie also 
cut into lengths with the saw, which should be used in convert- 
ing wood whenever it is possible. Only on very steep, rocky 
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ground, where the workman cannot find room to use the saw, 
or when stems are lying one over the other, etc., may the axe 
be used for this purpose. The wood should then be cut so as 
to have one cut vertical and the other oblique, as in Fig. 152. 
By the use of the axe from 6 to 8 per cent, of the wood is 
wasted, being 7 per cent, w’hen the pieces are 1 meter long. 

The round pieces over 5J inches in diameter at the smaller 
end are then split by means of the wedge and cleaving-axe 
into split cordwood, and whenever the trade prefers that round 
cordwood should be split, this should also be done. 

The wedge is generally placed on the top of the round piece, 
and driven in by a blow of the axe- 
liead. Whenever the wood is difficult 
to split this forms the chief part of 
the woodcutter’s work in the pre- 
Fiff, i:*2. cutting paration of firew^ood. He requires 

several wedges of different sizes, 
and even uses the cleaving-axe as a wedge, driving it in with 
the beetle. It is only in the case of easily split wood that the 
wedge may be jdaced on the side of the round pieces. Pieces 
to 8 inches (14 to 20 centimeters) across, are usually merely 
split in half, wffiilst pieces 8 to 12 inches (20 to 80 centi- 
meters) across are split into six oi* eight pieces. Except in the 
case of very large trees, the pieces always are split to the 
core. It would, however, be better, both to facilitate transport 
and improve the quality of the wood, that no pieces exceed 
to 8 inches (14 to 20 centimeters) measured along the 
chord. 

(c) Refuse. 

; Pieces too knotty or of too twisted fibre to be split remain 
entire and go with the refuse, after the conversion is over. 

(d) Cloven-timber. 

In the conversion of firewood, billets which may be other- 
wise utilised should be put aside carefully. This is specially 
necessary with oakwood ; and from the broken pieces of trees 
;jvbich cannot be converted into logs, or butts, many billets 
be utilised as cloven-timber, and they should be carefully 
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freed from all defective portions and from sapwood. They 
need have no fixed dimensions, but should he as large as 
possible and of whatever length is desirable. 

(e) Conversion of Stumps and Root-wood. 

The most laborious of all works in conversion of wood 
is tliat of the stumps and roots. If the tree has been 
uprooted, the roots are separated from the stem by means 
of the saw, and they are then freed from the soil which 
may be attached to them and reduced in size by means 
of the wedge and axe, or by blasting them with powder or 
dynamite. 

In 8e[)ar.‘iting the roots from uprooted trees, it some- 
times happens, in easily cloven wood, that when the saw 
lias gone about half through the base of the stem, the 
stump splits the stem owing to its weight and falls back 
into its original hole. To prevent this disaster, a chain 
may be wound round the stem below the saw-cut and 
tightened by driving in wedges, and the stump supported 
by pieces of wood. 

i. i'on version of S/nnips htj means of Ordinartj Tools. 

Hmall stumps up to S inches across are not split. Those 
from 3 — 0 inches are split lengthwise by means of the axe and 
wedges, the wedges being usually placed on the sawn section, 
and if it is also necessary to begin splitting from below as 
well, always from the projection of a side-root, where the 
stump is most easily cloven. If possible, the wood should be 
split to the core, but this cannot be done in the case of thick 
stumps of coarse fibre, from which pieces are split- off gradu- 
ally from the circumference. This method of splitting is 
effected more easily while the stump is still in the ground, 
than after it has been extracted. Wooden wedges, holding 
better than iron ones, are more serviceable in splitting stumps. 
In order to tear apart the pieces more thoroughly, iron crow- 
bars are used, and the ordinary screw-jack is very serviceable. 
It has l)een stated already that machines may be used for 
extracting stumps. 
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ii. BhsHnij Shwij>s hi/ Gunjwwdar. 

The stump which is to be blasted by a charge of gunpowder 
is bored best from its flat surface by means of a large auger 
(Fig. 153), so that the bore-hole may go down to the junction 

of the roots. In case the tree 
is rotten at the heart, the l)oring 
must be made from one of the 
sides. The charge should con- 
sist of IJ, 3 or 4^ ozs. of blast- 
ing-powder, and a fuse should 
be introduced, or some other 
arrangement made for firing 
the blast. Frivolin and Kyssel 
used ordinary percussion caps 
for the purpose. Fig. 154 shows 
a simple detonator, the ring (a) 
being for tlie insertion of a 
handle for screwing it into the 
bore-hole, whilst (h) is a simple 
trigger for striking the cap. 
II rich improved matters further 
by using an apparatus with a 
needle for firing the cap, which 
was placed on the top of the powder, as shown in Figs. 155, 
156, the former giving its external form, and the latter a 
section through its axis. The apparatus has a bore sufficient 



Fig, 154.— Frivoliiis detonator. 


^ the working of the needle (m o). It is closed by a 
leorewdid (5) in which the cap (n) is placed. In order 
prepare the apparatus for firing, the needle is raised 
liby means of the ring (w), and a steel pin is placed in the 
ispc^ture (d). The lid (h) is then removed, and screwed. 

4 -^', ^ 
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-on again after a cap has been inserted. The charge is 
fired on the removal of the pin by means of a long cord, 
the needle being driven down on to tlie cap by a strong 
spiral spring placed above the ledge {m). The advantage 
of this apparatus consists in the fact that it is not necessary 
to fill it with powder, but a cap only is required, and the 
firing of the charge follows immediately on the release of 
the needle, which can be done from a distance with perfect 
safety, whilst no tamping is required for the blast, the strong 
apparatus screwed into the bore-hole serving instead ; the 



Fij?. iri5. — Ul’ich'fi detonator. 



Fig. ITiO. — Section of same. 


results are excellent, the largest stumps being split into two 
or more pieces. 

Whenever only a fuse is used, after less than half the 
powder has been poured into the bore-hole, the fuse, made of 
tarred yarn surrounding a thin column of powder is inserted, 
and then the rest of the powder. Then the remainder of the 
bore-hole is filled with earth or clay as a tamping, and firmly 
rammed-down. 

The portion of the fuse 4 — 6 inches long, which protrudes 
l^ond the hole, is lighted with a match and in 1 — 2 minutes 
explosion follows. 
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iii. Bladmj Btimips by Dynamik. 

Dynamite is a more powerful explosive tlian gunpowder, and 
is obtainable in cartridges reseiubling brown stearinc candles 
encased in thick paper. It becomes hard at temperatures of 
45^^ to Fiib. and cannot be heated above 108'^ Fab. without 
danger. It will not explode unless it be at least as soft as 
wax, and must therefore be warmed slightly during winter. 

According to the size of the stump 
1*7 — 2 grams (1—1-12 drams) of 
dynamite are required for every centi- 
meter in the diameter of the stump, 
so that cartridges of 70 to 100 grams 
suffice for stumps of 0‘50 to 0*70 
meters in diameter [Le., 2^ to 8^ 
ounces for diameters of 1 foot 8 inches 
to 2 feet 8 inches.— Tr.] , provided the 
wood is not too dilbcult to split. 

The dynamite-cartridge (;>) in Fig. 
157, is then placed in the bore-hole, 

* which should be of suitable bore to 
admit it, and rammed home with a 
wooden ram -rod. A smaller cart- 
ridge (^) is used in connection wdth 
a fuse for firing the charge, the end 
of the fuse being placed on the soft 
mass of dynamite of this cartridge, 
and tied firmly above it in the paper 
covering of the latter. This firing- 
cartridge and fuse is then let dowm on to the blasting-cartridge 
in the bore-hole. The vacant space in the bore hole is then 
tamped wdth earth and the fuse lighted. 

Whilst blasting with powder frequently only cracks the stump, 
by the use of dynamite it may be torn into several pieces. 

As regards the cost and saving of labour by blasting the 
stump, various estimates representing from 30 to 50 per cent, 
labour saved have been made; for oak-stumps the cost is 
estimated at 6d, per stacked cubic meter cheaper than manual 
labour, and for Soots pine at Bd. more. 


b 
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Dynamite can be used with advantage only on completely 
uprooted stumps, for it has scarcely any effect on those still 
in the ground. Owing to its highly explosive nature, dynamite 
will not be much used for blasting stumps in forests at any 
rate during winter; also on account of its high price and 
because it is a- strong poison. 

The use of blasting powder can, however, be strongly 
recommended for this purpose wherever the price of labour is 
high, and stumps have to be split. 

(f) Preparation of Faggots. 

Wherever twigs and branches are in demand for fuel, they 
are cut into lengths with the bill-hook and bound into faggots, 
or bavins, by means of one or two withes or binders. 



[Fernandez* gives a simple frame for faggot-binding as 
shown in Fig. 15B. The lever (Z), the lower end of which rests 
against the bar (h), is drawn towards the operator and hitched 
into the hook (/i), thus tightening the chain over the bundle of 
sticks. The withes can now be tied and the pressure on the 
faggot released by unhitching the lever; the length of the 
chain, which can be varied, regulates the size of the faggot. — 
Tr.] 

In other cases, small branch wood may be carried to the 
nearest roadside and stacked in heaps between stakes. 

Faggots should be made in whatever dimensions the public 

* Utilization of Forests,” p. 108. 
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prefer. In country districts usually long thick faggots are in 
demand: near towns they are preferred when not exceeding; 
80 pounds in weight ; they may be 1 J feet long and 2^ feet 
, in girth, five smaller ones being bound-together to make a 
faggot. 

The best withes are slender oak c()pi)ice- shoots, but hazel, 
sallow and birch, etc., will serve the purpose. These withes are 
freed from all side-shoots, and when freshly cut, or steeped in 
water, are placed on a fire to make them pliable ; they are then 
twisted like ropes into a loop at the thin end, through which the 
thick end is drawn when they are fastened round the faggot. 

4 . liemoval of Wood jnrvious to Conversion, 

It has been presupposed hitherto that the conversion of the 
felled wood takes place on the felling-area near the stumps of 
the felled trees, and this is generally the case. 

There are, however, circumstances in which it is necessary to 
remove the wood from the felling-area, or at any rate away from 
the stumps of the felled trees, before it is converted ; — as in a 
young crop, during the final stage of natural regeneration ; under 
a shelter wood, in selection- fellings, cleanings and thinnings. 
Splitting firewood and conversion of the easily transportable 
poles and saplings may then be effected on neighbouring blanks, 
roadsides, etc. 

Wherever the firewood before being stacked has to undergo 
a further transport by water, sledge-roads or slides, it is advis* 
able to convert it into short butts, and to split these up only 
after they have been transported to a depot. 

5 . Occasional Non-conversion of Firewood. 

Owing to the present greatly reduced price of firewood, 
foresters often are obliged to give up converting it in the 
regular way just described. Wood yielding only round billets 
and faggots, especially from extensive thinnings, may then be 
simply carried unshortened, including the crowns, to the neare$t 
roadside, and stacked between stakes. 

There are districts where there is absolutely no demand for; 
small poles, saplings, and branch-wood, as in many Alpj^l 
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iijrests, or in districts containing many private and communal 
forests. 

6 . General Buies regardincf Conversion. 

Forest-managers should bear in mind the following rules 
regarding conversion of timber and firewood : — 

(a) The most urgent local demands of right-holders and 
contractors must be satisfied first, and the conversion of the 
remaining material effected from a strictly financial point of 
view, that is, with a thorough knowledge of the actual demands 
of the market. 

(h) After carefully considering the demand, the wood should 
be converted so as to yield the highest possible net- value on 
deducting the cost of conversion. Hence, the mode of conver- 
sion is a purely local affair, and will vary greatly according to 
circumstances in different forest ranges. 

(c) The conversion into any assortment should be regulated in 
quantity, so as not to glut the market, and to allow of the demands 
for other assortments being fully met. Forest-managers should, 
therefore, be conversant with the state of the 8U2)ply of different 
classes of material from other forests which compete with their 
own. 

(d) The rarer and more valuable any assortments, the greater 
care must be bestowed on their conversion. This is especially 
the case with oak and large coniferous timber. 

(e) Conversion of timber often is effected better wlien different 
classes of workmen are employed for the different works. Thus, 
in broadleaved forests the work commences with the felling and 
conversion of the large timber trees ; after all the best timber 
is ready, what is left is converted into firewood and other inferior 
assortments. In coniferous forests it is often customary and 
advisable first to prepare the various cloven wares, such as 
shingles, staves, etc., then the butts for sawmills and the logs, 
and finally the firewood. 

(f) The forest-manager should ascertain always the wishes of 
timber-merchants, manufacturers and craftsmen of the neigh- 
bourhood, and they may be encouraged to visit the felling-area 
for this purpose, but he should be on his guard lest by following 
the advice of any of them competition for the produce may be 
feduced. 
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(g) Although it is justifiable, when the prices of wood are low 
and wages high, to attempt only a very rough conversion of 
firewood, or abandon converting it altogether, yet this should 
never be done with valuable material. Any carelessness in its 
preparation will do more injury to the forest revenue than 
paying high wages for good work. 

<h) It is usually advantageous in forests where petty delin- 
quencies are frequent, for the manager to compete with the 
thieves by selling better and cheaper material than they do, 
such as hop-poles, bean- and pea-sticks, Christmas-trees, etc. 

Section YL— Soiitino and Stacking ('onvkhted Material. 

1. (iencral Avconut. 

The rough conversion of the felled trees must produce many 
pieces of the same class, but of different qualities, shapes and 
dimensions, especially among the timber where scarcely two 
pieces are identically alike. As every producer keeps his wares 
of different kinds and qualities apart, so each kind of converted 
forest material should be separately arranged. In tliis way only 
can it be possible to estimate the probable value of the results 
of the felling, and to expose the lots for tlie insi)ection of the 
different classes of purchasers. The real object of sejjarating 
assortments of woods used by various industries and consumers, 
is to obtain the highest possible price for each assortment. The 
arrangement of the assortments into classes should, therefore, 
be made on the following principles : — 

i. All pieces which are of different value, and fetch different 
prices, must be put in separate classes. 

ii. The classes must correspond always to the demands of 
the locality. 

iii. The separation into classes should depend on differences 
of species, size, shape, quality, and demands of the market, 
and these will be discussed in detail further on. 

iv. This separation must not be too minute, or go too much 
into detail, so that there can be any doubt about the proper 
classification of any piece, or too much difficulty in calculating 
and registering the results of the felling. There is a consider- 
able difference in this respect lietween valuable pieces of timber 
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and common sorts of firewood. In the former case, the manager 
can hardly go too far in subdividing tlie classes, and a difference 
of price exceeding hi per cubic foot should cause a different 
class of timber to be established. 

A difference of value is, therefore, the chief reason for^ a 
difference in class of material. 

2. Detailed Account. 

(a) Species. 

The species of tree has a great influence on the use to which 
the wood can be put. Timbers of different species should, there- 
fore, be separated into classes, or at least species of ecpial value 
should be classed together. The same procedure should be 
adopted in the case of firewood, or where there are few of 
them all inferior kinds should be separated from those more 
valuable. 

Of great importance in sorting felled material is the com- 
parative abundance or rarity of any species. Thus, where 
valuable oakwood is abundant, the chief point to attend to will 
be to classify the oak timber ; in coniferous forests, to classify 
the spruce or pine timber, and in beechwoods the beech-timber 
and the better classes of firewood. 

(b) Dimensions. 

Logs, butts, and poles will be classified according to their 
dimensions. As the value of a log or butt is not always 
directly proportional to its cubic contents, but to its length, 
or thickness, and in the case of coniferous wood to the 
thickness of its smaller end, the pieces will be classified 
accoidingly. 

Such classes are formed according to differences of about 
6 feet in length, and 2 — 4 inches in thickness. In the case 
of valuable timber, the classification according to thickness 
may go down to one centimeter, [Thus, in France, oak- 
timber increases in value at about one franc per cubic meter, 
for every additional centimeter in diameter over fifty centi- 
meters. — Tr.] The less vahaable the pieces, the rougher the 
elassification- 
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Large billets always increase the solid contents of a pile of 
stacked firewood, so that firewood also should be classified 
according to dimensions. 


(c) Shape. 

Curved timber should be classed according to the degree of 
curvature for a certain length, or in kneed -timber for the angle 
at which the branch leaves the main piece. 

In classifying other timbers, the chief points to which 
attention should be paid are: — whether they are straight, 
bent in one plane, quite crooked, or contain burrs; also, 
whether they are clean-grained, or merely have been trimmed 
free from many branches and are knotty. 

In the case of firewood, also, straight billets of split or round 
stem-wood should be piled separately from crooked and knotty 
branch-wood, 

, (d) Quality. 

Independently of its soundness, which is always presup- 
posed in the case of timber, there is a great difference in 
quality depending on its grain. Thus, we have coarse- 
grained and fine-grained timber, timber with broad or narrow 
annual zones, with straight, twisted, or wavy fibre. Some 
stems are naturally smooth on the surface, others lumpy 
owing to occluded knots. All these circumstances affect 
the value of the pieces and should be considered in sorting 
them. 

In the case of firewood any unsound and broken piecea 
should be piled apart from the better wood, and as the age of 
ihe tree often inriuences the heating-powder of the wood, 
young or very old wood may be separated from middle-aged' 
wood. 

. It cannot be repeated too often that only sound wood should 
be classified as timber. Wood, in its present struggle against 
iron and other substitutes for it, can win the day only 
when it is, sound and durable. This is especially the ease 
where the wood has to be transported long distances, and 
is subject to indifferent treatment before it reaches thi^ 
eonsumer. 
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(e) Local Demand. 

In classifying the produce attention always must be paid to the 
local demand. Thus, in certain localities, custom may render 
it necessary to classify wood in a way that is (piito uncalled 
for in other localities. Whilst, however, sufficiently conform- 
ing to custom in this respect, the manager always should 
attend to the chance of changes being introduced gradually in 
conformity with the demands of more distant markets than 
his own immediate surroundings. 

d. List of Wood-assortments. 

The followdng list gives all the common sub-divisions of the 
dilferent classes of produce from the fellings. 

A. LaKGB TlMliEll. 

(a) 

i. Oakwood (Spessart), 10 — 80 feet long and of normal 
(piality. 

Class J., logs over 20 inches in mid-diameter. 


„ ax., ,, 

111., 

5 

1 1 

5 ^ 

IV., „ 

„ 

„ V.. „ 

10—18 „ 

VL, „ 

13—15 „ 

VIL, „ 

10—12 

,.vm., „ 

5-9 „ 


Defective timber is put back one or two classes and very 
defective timber two or three classes lower than their dimensions 
would otherwise warrant. Logs of good quality longer than 
30 feet are put forward one class, or even two classes, if the 
timber is very superior. 

ii. Coniferous Timber. 

After rejecting wood from diseased trees and setting apart 
the finest ringed and straightest grained wood, the outer shape 



^58 


FBLma AND C0KVER8I0N OF TIMBER. 


and the dimensionfs of the timber form the chief guide for 
classifying coniferous wood. As regards dimensions, the logs 
may be classified according to the mid-diameter, or to the 
small-end diameter. In no other case has tbe latter so impor- 
tant a bearing on the value of the timber, as in coniferous 
logs, and accordingly in many districts of South Germany the 
classification is so arranged. The mere volume of the logs is 
a bad index of their comparative value. 

In accordance with tlie IIeil))ron classification, which is 
almost everywhere preferred by the German timber-trade, 
coniferous logs arc classed as follows : 





Diameter at small cinl. 


M. 

Ft. 

CM. 

Ins. 

1. 

18 

58, and 

over, 30 

12 

11, 

IG— 18 

= 52—58 

22 

0 

HI. 

14— IG 

= 45—52 

17 

7 

IV. 

10- 14 

= 32—45 

14 

5 

V. 

up to 10 

32 

12 

45 


All the timber must be sound and free from branches; 
rough but sound timber goes down a class. The diameters 
are measured under bark. 

Classes lower than V. comprise ordinary or inferior building- 
timber, raftei's, fencing rails, pulp-wood and pit-pro})S. In 
Bavaria, a sixth class, with at least G cm. (2^ inches) diameter 
at small end, is added. 

If the wood is classified by mid -diameter the classes are as 
^ follows: 

Chiss. Mnl-tlianictc'r. 

1. and II. 35 cm, and more, 11 inches. 

III. 25—35 „ 10- 14 „ 

IV. 20-25 „ 8 10 „ 

V. under 20 „ B „ 

iii. Bemaining Species. 

Broadleaved trees, other than oak, do not yield much 
marketable timber ; the exceptions to tliis rule are, elm, ash, 
alder and aspen. [Willow, sweet-chestniil and sycamore are 
valuable in Britain, — Tr.] In many cases each of these 
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woods may be classified separately, and the others classed 
together. Wherever any of these timbers are of special value, 
they should be classed separately. 

(h) Buds. 


i. Oak (Spessart). 


Class. 

Lea^^th. 




Al. Ft. 


CM. 

Ins. 

I. not less than B--10, not less than 75 

30 

II. 

3-10 

>> 

()G-71 

20 -20 

III. 

8—10 

>> 

01 t',r> 

24 25 

IV. 

3 10 


.'55 GO 

22 -23 

V. 

3-10 

Ii 

•18- 51 

10-21 


Inferior wood goes down a class, and very superior wood 
goes up a class. 

The above tiiii))er is for sawing, staves, cabinet-niaking 
window -wood, etc. Curved wood, knees, and railway-sleeper 
wood come in here, also inferior wood for split wood, 
wheelwrights, and wood for sawing. 

ii. Coniferous Wood. 

Class I , butts of best cpiality for musical instruments, 
shingles, and other split ware. 

Class II., butts of 14 inches mid-diainet(ir and over ; 
straight-grained. 

Class III., butts of 10 14 inches mid-diameter. 

Class IV., butts of less than 10 inches mid-diameter. 

Class V., butts of inferior quality and of various sizes. 

The wood in these classes is chiefiy intended for sawmills to 
be converted into planks, boards and scantling. The wood 
must be classed according to species, and occasionally more 
classes than those given above will be required. 

As regards length, it is generally constant for the same 
locality, according to the custom of the sawmills or fioating 
trade. The timber-trade prefers lengths of 10, 11, 12, 14, and 
18 feet. The smallest class is usually for water-pipes. 

B 2 
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iii. Bemaining Species. 

Here accoi*diiig to the quantity of timber available, and the 
demand, a Beparation into classes is advisable. Three classes 
for each kind will suflice. Among broadleaved trees, after 
oak, ash, elm, S3’camore, alder and beech are most important 
and require separate classification. 

B. Poles. 

In this gioup i)oles used for building or other industrial 
pin poses come first, then those used in agriculture. There 
is great variety in diflerent districts as regards their dimen- 
sions : the following list gives only the more important 
classes, most of which, and especially the larger sizes, may 
be sub-divided into two, three, or even four sub-classes. 

1. Building- and scaffolding-poles, rafters, always coniferous, 

80-- 50 feet long and more, 100 pieces containing 200 

800 cubic feet (G— -8 cubic meters). 

2, Teh^graph-posts, 25- 80 feet long, G inches across at top. 

8. May-poles. 

4. Ladder-wood, 20 40 feet long, 100 pieces containing 

175 — 200 cubic feet. 

5. Cart and agricultural implement poles, of both broad- 

leaved and coniferous wood, 100 pieces containing 
100 - 175 cubic feet, 

G. Hop-poles, coniferous [except sweet-chestnut. — Tr.],15 

80 feet long, 2^ - 5 inches in diameter at 4 feet from the 
base, generally sub-divided into four or five classes. One 
liundred pieces contain 125, 80, GO, 35, 20 cubic feet. 

7. Poles for fastening logs into rafts, 10- IG feet long. 

8. Tree-props of different species. 

9. Iree-stakes of diflerent species, 

10. Poles used for making hooping for casks. 

11. Crate- wood and hurdle-stakes, 

12. Fascine-stakes and hurdle-rails. 

18. Bean-sticks, 10 — 15 feet long. 

14. Fencing-stakes, 10—15 feet long. 

15. Hedge-stakes [also walking-sticks and handles for um* 

brellas. — Tr.], 
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C. Stacked Wood for Splitting. 

As regards species ; oalv, sweet-chestnut, alder and ash should 
be placed separately, also conifers. 

Further separation into two or throe classes, according to 
dimensions and fissihility, is also necessary. This group must 
always consist of sound wood. Stacked oakwood in tlie 
Palatinate is divided into two groups, stave-wood and wood for 
vine-props, the former into four, and the latter into two 
classes ; wood of other species and coniferous wood are each 
divided into three classes. 

The round pieces of stacked timber are divided according to 
species into two classes of different dimensions. They are 
used for vine-props, pit-props, and in lengths of 5 — G feet for 
the manufacture of paper-pulp. 

]). Brushwood. 

1. Withes. 

2. Osiers for basket-making. 

8. Wood for brooms and pea-sticks. 

4. Wood for fascines. 

5. Thatching material. 

6. Christmas-trees. 

F. Firewood. 

1. Split billets, thoroughly sound woo(b sub-divided into two 

classes according to size. 

2. Crooked billets, sound but knotty. 

8. Broken wood. Unsound split billets sub-divided into two 
classes according to the degree of unsound ness. 

4. Bound billets from stems. 

5. Bound billets from branches. 

G, Peeled round billets from oak-coppice grown for tan. 

7. Boot-wood. This may be divided into two classes, wlien 

it sells well. 

8. Large unsplit pieces. 

9. Small split billets fastened with withes (Fr. cotrets). 

10. Faggots without twigs of larger wood from thinnings, 
under inches in diameter. 
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11. Branch -faggots. 

12. Faggots of thorns, etc., from cleanings. 

13. Heaped-up faggot wood. 

14. Bark for fuel. The bark of silver-fir and spruce, when 

it is not required for tanning, is often stacked and sold 
for fuel. The ])ark rolls-up when thoroughly dried, and 
l)e(',oincs less bulky. 

The price-lists depend on the classification of the produce 
from a felling-area, so that there is a local price for every unit 
of produce. Such jirices usually include the cost of conver- 
sion. 


Section Y IT.— Clearing the Felling-area. 

1. K.rpJanatUm (ifiJie Term. 

The felled .and converted material of different kinds, which 
during tlui process of conversion lies scattered over the felling- 
area, must be sorted and collected in a temporary forest 
depot. This is situated within the felling-area, in a valley or 
on a road leading from one, at the toj) of a timber-slide or 
sledge-road, or on the banks of a stream down which it is pro- 
jiosed to float the material. In no case, however, should the 
forest depot be so far removed from the felling- area that the 
xiiaterial cannot be transported there by the regular wood- 
cutters with the help of horses, or other simple means of 
transport. 

Clearing the felling-area, therefore, means removing the 
material by dragging, carrying, sliding, or sledging to a con- 
venient forest depot either within the felling-area or not too 
remote from it. 

Whenever the material is to be removed to a permanent . 
depot near the place of consumjition or a railway-station, by 
means of more or less jiennanent means of communication, 
such as roads, slides, forest-tramways, streams, etc., all the 
measures required to effect its removal come under the head 
of wood-transport. Clearing a felling-area and transport 
cannot however he distinctly separated, and sometimes they 
are both carried on simultaneously by means of the same gang 
of woodcutters. 
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' 2. Purpose of the Clearance. 

The wood is removed generally from the felling-area before 
selling it, for different reasons : first, to facilitate the estima- . 
tion of the yield of the felling in quantity and quality ; then, 
for silvicultural reasons, and finally, to improve the forest 
revenue. 

The ilrst of these objects is obvious, and wherever the 
estimation of the yield depends on the clearance, that is clearly 
a part of the classiiication of the timber which has been already 
described (p. 254). The wood must be stacked in assortments 
in the forest depot, and the woodcutter who assists in removing 
it from the felling-area must understand the local classification 
of the material. 

It is cvid(oit also that the nmioval of the material must act 
benelicially on the growing-stock, and that the preservation of 
th(' latter is much better secured when the forest-manager 
controls tin; clearance of the felling-area, than when the 
indifferent or careless wood-merchant deals with it, and is, 
therefore, admitted into all parts of the forest. Besides, 
in many conditions of the standing-crop it is essential that the 
conviu ted material, which must remain in the forest until it is 
removed by the ])urchaser, should without delay be withdrawn 
from the felling-area, so that the latter may be left free and 
undisuirbed for silvicultural operations. This is above all 
necessary in the case of coppice and coppice- with -standards, 
and also in natural regeneration-fellings in high forest. 

The collection of the produce of a felling in depots accessible 
to (n-dinary carts, and which offer no difficulty of access to 
timber-merchants, must act beneficially on the prices and 
increase the forest revenue. Experience proves clearly that 
money carefully spent in this way will repay itself amply; 
even if there were no other objection to the clearance being 
effected by the purchaser, it is evident that the forest manager 
can do the work cheaper than the individual purchasers of 
different lots. 

3. Choice of a Forest-Depot. 

In order to secure the above objects as thoroughly as possible, 
the proper choice of an area to serve as a forest-depot is highly 
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important. Every forest-depot should be so situated as to be 
within easy reach of the timber-purchasers’ carts, or other 
modes of trans])ort, and so that the neighbouring woods may 
be lialdc to the least possible amount of injury in hotli the 
clearance and transimrt of tlie material ; it must also he in an 
)l^en, airy or at least dry position, and should offer sufficient 
*oom for the different classes of material to l)e arranged con- 
veniently for inspection ])y intending purchasers and by the 
'orest staff. Wherever the logs have ])een ])arked, the depot 
diould also he shady, so that cracking ma}^ he avoided. 

Usually in plains, or moderately low mountain-ranges, the 
material is brought to the nearest road, or where this is not 
broad enough, into the forest bordering the road, including 
the ditches. Idanks on the felling-area, or in the clear- 
cutting system the hdling-area itself, may Ixi used as a depot, 
if there is no immediate necessity for restocking them. In 
higher mountain-ranges all the material from a felling-area 
must be brought down into the valleys, to the top of a slide, or 
to the banks of a stream, nsually this is done whilst the 
timber-work is jn’oceeding. 

Wherever great numbers of trees are felled yearly, it is in 
the interest of the forest-owner to set-aside i)ermanent timber 
depots for the rec(‘i)tion of the material from felling-areas, and 
to place the logs on supports keeping them from contact with 
the damp ground. 

4 . to hr Jtouovrd. 

In general, all wood sliould be removed from the felling-area, 
the sale of ^Yhich w^onld at least cover the cost of removal, when 
only the simple means at the disposal of the woodcutters are 
used. 

All firewood and the smaller kinds of agricultural wood 
should he removed always before a sale; wdiether, or not, this 
should be tlio case with the larger logs and butts depends chiefly 
on the nature of the ground. If the felling-area is nearly 
level, it is easy for the purchasers’ carts to come up to the 
stumps of the felled trees to load and convey the heavy pieces 
of timber directly to their destination. If, however, the felling- 
area is on a slope, skilful wwdeutters will find no difficulty in 
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removing the heaviest logs down to the valley below ; in such 
places it is indeed necessary for them to do so, for carts 
cannot then leave the roads, and the purchaser of the timber 
must not be allowed to slide the logs downhill to Ids carts. On 
sloping ground, therefore, all large timber is removed by the 
woodcutters from the felling-area. AVhere there is only a 
gentle slope, the removal of the timber from the felling-area 
will depend on the amount of protection necessary for the 
forest crop. In many such cases, it is sufticient to remove 
the timber to the nearest cart-track passing through the 
felling-area. 

The mode of re-stocking the area to be adopted will also 
influence the matter. If the area of a clear-felling is to be 
re-stocked immediately, all the wood on it' must bo removed. 
In tlio case of natural regeneration, there are usually blanks 
ill the felling-area on w’hich the heaviest timber may be 
placed. 

Wherever the purchaser undertakes to fashion the wood in 
the forest, as in the making of sabots, spokes, staves and 
other cloven ware, the worksheds should, if possible, bo kept 
outside the felling-area; the granting of the pin-mit to pre- 
pare the wood should depend also on th('. acceptance by the 
purchaser of certain suitable siU^s for his work, provided such 
sites arc available. 

r>. Modes of (dea ranee. 

The felling-area may be cleared in various ways, which are 
more or less consonant with forest protection ; such as carry- 
ing, sliding, dragging, sledging, lotting-down by ropes, using 
timber-chutes and rolling dowuihill. 

(a) Careful Methods of Clearing a Felling-area. 

j. Carrifimj. 

Carrying is done chiefly by men, seldom by beasts, and is 
confined to the smaller classes of material, such as firewood, 
poles, branch wood and cloven-ware. 

As carrying by men is very laborious and expensive, it is 
done for short distances only, especially when wood has to be 
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removed from young growth with the least possible amount of 
damage to the latter, or has to he taken a short distance uphill 
to a road ; also on very rocky ground, where no other means 
of transport is practicable. The woodcutter either carries the 
wood on his shoulder or piled on a frame on his hack, or it is 
carried on a litter sui)ported h}^ two i)eo 2 )le. Logs and polos 
may be carried on the shoulders of several people for Rns])ended 
from rods resting on their shoulders as they walk in pairs. — 
Tr.]. Tn natural reproduction-areas, (‘specially during tlie final 
stage in spruce or silvcr-fir woods, all hraiudiwood should he 
carried and not dragged from the felling-area, as the latter 
plan docs much damages to the young growth and predisposes 
it to attacks of weevils. 

ii. RentovitKt Wood on Whovlvd f 'onrri/nnros. 

This is always a careful method of ckuiring a fc'lling-area, 
hut can he enii)loyed only where the ground is fairly level. 
The ordinary wheel-harrow may he used, to which a r()j)e 
may be attached to economise strength in ])ulling. Horses or 
bullocks also may he used on fairly level ground, with the 
front or hack pair of wheels of a timber cart. In this case 
the log is hung under the axle of the wheels, and this is the 
best method available for removing timber from young growth 
without injuring it. The use of portable railways (p. 330) 
is also a method as good, if not heth^r, than the above. [A 
French method of raising logs on to carts is shown on p. 481. 
— Tr.] 

Ill order to further the transport, sufticiontly wide cart- 
tracks or paths may he cleared, which is specially advisable 
if young growth is to he traversed. In any case this method 
is far preferable to dragging the timber carelessly along the 
ground. 

iii. Ihwjfj'nitj or Slidimj (dong Ihc (hound. 

In this method either men or beasts may be employed. 
Various implements are used by the workmen to expedite 
matters, such as the kreinpr (Fig. 161), or the implement 
shown in Fig. 160, resembling a boat-hook, and also used in 
floating timber, or the strong hook-lever with hook and ring 
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(Fig. 162), or ordinary levers. In the case of beasts dragging 
the logs, chains are used, which may he fastened to the logs by 
grappling-irons (Fig. 166), or by means of the slip (Fig. 164 
for two horses or Fig. 165 for one). The short sledge (Fig, 172) 
may be used. 

Before a log can he dragged or slid, generally it must be 
turned over, or rolled into the dragging-ti’aek ; for tliis the 
hoolv-lever ]nay he used as shown in Fig. 156. To laingalog 
parallel to tlie dragging-track, it suffices generally to place a 
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roller under its centre of gravity, when it can easily he turned 
in any required direction. 

If a log is to be slid down by men, wdiich evidently can be 
done only if the ground is sufficiently steep, it is brought into 
the sliding-track with its butt-end downwards, and then guided 
by the kremi)e at its butt, as it is forced to slide downhill by 
levers. The workmen who accompany it downhill release the 
log should it stick against any obstacle, and bring it down to 
the nearest export-road, or to level ground. 

When beasts are used to drag the logs, such as horses, bullocks 
[in India, bufialoes and elephants. —Tr.], the ground must bo 
level or only slightly inclined. The log is then held firmly, as 
in the Alps, by the grappling-iron, or a hole is cut in the butt 
of the log to wliich the dragging-chain is fastened. If the 
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ground is covered with snow, the logs are simply dragged along 
over it, or are fastened to the front wheels of a timber-eaifc, or 
to a sledge. In any case much labour is saved by slightly 
raising the butt-end of the log from the ground on a Hli[). 

Ill the Bavarian Alps a simple arrangement, the dragging- 
shoe (Fig. 166), has proved useful. It hinders soil erosion 
and the up-rooting of plants. The shoe is placed under the 
front of the log, which sticks on the iron points, if it gets 
loose during transport, the other pointed iron is driven into 
the log. 

In most forests, sliding or dragging are the usual methods 
employed for clearing the felling-area ; on slopes by men, and 



on fairly level ground by animals. In tlui case of reproduc- 
tion-areas, and especially those in coniferous forests, dragging 
should be done only with great care, the log not being 
allowed to roll ; there should also be suliicient snow on the 
ground. Dragging injures young plants more than any other 
method and greatly exposes young conifers to attacks of 
weevils. It must, however, often be employed even when 
the ground is free from snow, but in such cases it is not 
sufheient to slide or drag the logs along cleared tracks ; a pair 
of high wheels also should be used if the ground is not too 
steep. Logs should also be rounded at their butts when dragged 
or slid, as then they do less damage. 

When the ground is not stocked with young growth, there 
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* recommends the shown in Ki.Lr, 170 on account of its lightness 

fiml shuplicity’ because by pressing on its runners in front, it can be easily 

checked in speed. 



from iieniiaiient .sledge-roads, which will he described under 
“ Wood-transport. ” 

(a) Construction of Sledges. — The mode of construction 
of ordinary wood-sledges may 
be seen from the annexed 
ligures, dillereiiL forms being 
u.sed in vaiious European 
countiies and districts, hut 
it has not yet been decided 
which is the best form to 
adopt under various circum- 
stances. 

[Two forms of sledge are in 
use in the N.W. Himalayas 
for transport of railway-sleepers 
and firewood, and have proved 
very useful. As the oak run- 
ners of these sledges become “hort Ucdgc.t 

worn, soles also of oak are applied to them.— Tr.] 

* Til this sledge, the load rests flistinctly on the runners, and its construction 
is very simple. -ptllg 

t In this shoit sledge lircwootl is placed between the vertica]ti,nle ; for on 
shaft (a). 
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The requisites for a good sledge are lightness, strength, and 
dimensions allowing for a load which one man can transport. 

(b) Sledging-tracks. — Wherever sledges are used for the 
removal of wood, a serviceable track must be made, which 
differs according as the sledging is done in summer or winter. 

For winter-sledging on fairly level frozen ground slightly 
covered with snow, a path is soon got ready after removing a 
few obstacles. On slopes, the case is similar, provided there 
are no holes, ravines or slight eminences in the way. llavines 
and holes may bo filled with branches or faggots, or billets of 
firewood may be piled up in them till they are filled. 

The track is then covered with snow, over which the sledge 



Fig, 17li. - Uairow-hUMlgt*.* 


passes ; this may be necessary when the wind has Idown 
away the snow, whilst in other cases, it may have drifted too 
deeply, and part of it requires removal. In many districts 
woodcutters show considerable ingenuity in constructing 
temporary sledge-roads. Once the rest of the wood has 
been removed, the billets on the road are lifted and brought 
down on sledges. 

Whenever the snow is deei>, the track must be beaten or 
trodden down. Where the snow on the felling-area is over 
two feet deep, the removal of the wood must be suspended, 
for it costs too much time and trouble to hunt for the pieces, 
and many of them would be overlooked. A winter with little 

■* 'I'iie barrow-sledgf is much used in the Upper Sehwaizwald, either on 
• cfirt-roaiis. It is, however, used ciiietly on fipe(!iallv prepared 

and simplicity, 
checked in speed. 
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enow is, however, worse than deep snow, for then much time 
is spent in placing snow on the bare parts of the track, or 



Fig. 174. Vosges. Summer-sledging. 


in preparing an ice-path. Until some snow has fallen, the 
work of clearing the felling-area must be often suspended. 

During summer, sledging can be done only on sloping 
ground, and even then is not always practicable; for on 
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slopes which are otherwise suitable, a sledge-track can often 
be made only with excessive trouble. Tliis is often the case 
on rocky ground, or where the soil is deep. On sloi^es, how- 
ever, which are covered with dead needles, or moss and 
herbage, sledges may run freely, especially over silver-fir 
and Scotch-iarie branches, spruce being not so suitable. If 
tlicn any liollows in the track are filled with billets covered 
with brancluiS and litter, or a kind of tramway made with 
round billets over the more difficult ground, sledging may be 
efiected with great saving of labour, and is consistent with the 
protection of the 3 ’oimg growth. It is, however, practicable 
for short distances only (Kig. 174). 

(o) The operation of sledging. — In all sledging operations, 
the workman stands in front betwetm the horns of the sledge, 
which he holds in both bands, so as to draw the sledge or stoj^ 
its loo rapid ])rogress. 

Wherever the ground is even, or only slightly inclined, the 
sledge must be dragged, and the greater the angle of inclina- 
tion, the less this is necessary; if then the track be smooth, 
with a gi'adient of 1 in 20 (.5 ])er cent.), usually the work- 
man has only to guide the sledge. As the gradient increases, 
he has to hold the sledge back ; with gradients from 1 in 16' 
to 1 in 12 (b to 8 per cent.), a man can do this without much 
dilficulty, but with steeper gradients brakes must be used. 
Thus on steep inclines, the workmen have iron spikes attached 
to their boots to give them a good hold on the ground. [In 
the Himalayas, softw'ood slee})ers uro used down steep inclines 
for the sledges to run on, and hardwood for low gradients the 
pieces being closer together in the latter case, tins with the 

use of sand is found better than anv brakes. — Tr.l 
• . * 

Brakes may consist of bundles of faggots in which stones 

are placed which are dragged after the sledge by an iron chain. 
Several such faggots are often linked together, attached by 
short chains close behind the sledge. Bound or split billets 
of wood may serve the purpose, instead of faggots. Hoops 
made of twisted ’.vitlies may be hung over the horns of the 
sledgii, and let down under the sledge-runners on steep slopes, 
thus causing a great increase of friction. The iron hook 
and lever (Fig. 175) is used also in many Alpine sledges 
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as a brake. In Moravia, the very small sledges (Fig. 172) 
support only a small part of the load taken down at once ; the 
rest is fastened in bundles and dragged behind tlie sledge, so 
as to act as a hrako. As the track varies in steepness, ociai- 
sionally parts of the load have to he left behind : the man 
takes what he can to the nearest steep part of the track and 
then returns for the rest, he then goes oji with the whole load 
till he comes to another place where the gradient is insuf- 
ficient, and some again has to bo left behind. Such a mode 



of sledging is most suitable with gradients from 1 in 4, to 
1 in 8, (25 -80 per cent.). 

It is (‘vid(mt that besides using souui form of brake, the 
workman must use bis own strength and press bis sjiiked 
boots into tlie track at steep places. 

(d) Sledging without a regular track. — (lenerally, sledging 
except on sledge-tracks, is confined to the transport of fuel or 
charcoal-wood. This is either split and piled transversely 
between the sledge-uprights, or if brought down in round 
pieces often of double the length of the billets, these are 
placed lengthways along the sledge in a pyramidal pile and 
fastened to the sledge by .short ropes or thin chains. 

V. Sliding Logs hg means of Hopes, 

Thick ropes, 30 — 60 feet long and — 2 inches thick, are 

used for sliding logs down sufficiently steep inclines. 

The method of attaching rope to the log is shown in Fig. 176, 
or a hook may be attached to the rope and inserted into a hole 
cut in the butt-end of the log. According to the position of 
the log on the ground, it may be let down with its butt-end 
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or smaller end first. After the rope has been attached to the 
log, it is wound once or several times, according to the weight 
of the log and the gradient of the ground, round the stem of 
a neighbouring tree or stump, and let down by gradually 
loosening the rojie. It is accompanied by 1 to 3 men, who 
guide it past obstacles, or stop it with the krempe (Fig. 103) 

or h'ver (Fig. 104) freed 
from thokanting-hook, and 
direct its course among 
tlie young growth. Once 
the length of the rope is 
run-out, the log is held 
lirmly by the men by 
means of krempes, until 
the rojie has been wound 
round another tree, and 
the process is repeated 
until tlie log has reached 
its destination. 

This method is oinployi'.d extensively in different parts of 
the lllack l^ori^st, where up to K)d. a cubic meter (35 cubic-feet) 
is paid for the removal of the logs; this expenditure is amply "" 
covered by the higher iirice thus secured for the timber. 

[Cure must be taken that the rope is not wound round valu- 
able standard trees intended to remain for several years on the 
felling-area, as their bark is then damaged and unsoundness 
may ensue. — Tr.] 

(b) Injurious methods of clearing a Felling-area. 

In the following methods of clearing a felling-area, the wood 
is no longer under the control of the workman, ])ut is left to 
itself while it moves. 

i. IhUiiKj wood from the Fellincf-arca. 

This is a method of removal only pei-missible over unstocked 
areas, as in the clear-cutting system with artificial reproduc- 
tion. In such a case it is an expeditious method if the gradients 
are not too great. When the gradient is considerable, it becomes 
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dangerous to human life. In spite of this danger, however, 
workmen prefer it to any other inetliod. 



[KoUing is largely employed in Assam in removing short 
Sal (S/u>rea robusta) and other butts from the forest to the 
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river-side. A rollin^-roud used in New Zealand for Dacrydinm 
cnpresHiuum. is shewn in Fig. 177. — Tr.] 

ii. Thromiuf wood from the Felling-area. 

Another method emi)loyed for sliort round butts intended 
subsequently to l)e split into coj'dwood, is to throw them down 
hill to])sy-tnrvey from terrace to teiTace. A firm surface to 
the ground is necessary, such as snow with a hard frozen 
surface, on which the wood may slide or roll as well as turn 
over. It may also he done in wet weather, but deep snow 
greatly impedes th(‘ descent of the logs. 

The kreinpe is usefully em})loyed in setting the butts in 
motion. The j)i‘actice can be employed only over iinstocked 
areas. It is rendei*ed more practicable when branch-wood 
from the felling-area is piled on l)oth sides of the line selected 
for the desc(sit of the butts, thus keeping them well together. 

iii. Slidimj iitnhn. 

This is the method of allowing logs and butts to slide down- 
hill by their own weight. Their butt-ends are rounded and 
turned down-hill. Any depressions in the hill-side are speedily 
filled with butts and logs, and the workmen try to keep these 
lying parallel to one another in the direction of the greatest 
slope, so as to assist the other logs in sliding over them. 

This method is employed largely in the Austrian Alps, and 
in Franconia. AYherever on the hill-side the gradient of the 
slope is insuilicient for any further chuting of the logs to be 
done, they are turned at right-angles to their previous direc- 
tion and rolled by means of the kreinpe to the next steep slope, 
where sliding can be recommenced. This method is illustrated 
in Figs. 178, 179, the fall in the latter case being from the top 
of the diagram. 

iv. Ih'ij fimlnr-vlnttn. 

These are narrow ravines among mountains, with steep 
sides, and are barred by means of a horizontal log, behind 
which a number of short, round logs are collected and let loose 
down the ravine by cutting away one end of the bar. This 
method of removal is employed in the Alps, for short distances, 
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In some cases the l>ed of the ravine contains a mountain- 
torrent, which may be dammed temporarily until there is a 
sufficient head of water to carry the logs down, wdien the dam 
is opened. This is termed a wet timber-chute. 

Evidently, wherever timber is left to fall downhill by its own 
weight, and without being under the control of the woikmen, 
much breakage and loss of bulk by friction must ensue ; so 
that these methods will be adopted only where more careful 
methods are impracticable or too expensive. 

G, Season for Clearing the Fellmg-area. 

The season for clearing a felling-area depends on that of 
the felling, and on the mode of removal employed, as w^ell as 
on the subsequent transport of tlie timber, and the available 
labour-force. 

It is a general rule to clear a felling-area as soon as possible 
after the conversion of the felled material, and bring the latter 
into suitable places for its preservation and seasoning. This 
is especially urgent in coniferous forests, where there is much 
danger from beetles, llapid removal of the material is also 
necessary on natural regeneration-areas, and other areas stocked 
with young growth. The mode of removal employed should 
be considered also, depending as it does chielly on the con- 
figuration of the ground. In plains and low mountainous 
districts, there is no reason why the removal should not follow 
immediately on the conversion of the wood. In high moun- 
tain-districts, it is frequently necessary to await a fall of snow 
before clearing tlie felling-area, and all that can be done in 
summer is to convey the wood to the nearest valle^q or road, 
and proceed further with it during winter. 

It is evident that the clearance of regenerated areas demands 
the greatest care, especially wdien long logs are to be removed. 
The spring, just before the buds shoot, is then the best season, 
the young plants being less brittle than in winter, even with 
a moderate snow-covering. If, however, the snow is deep and 
firm, and it is possible to do the work, the clearance should be 
effected in winter. 

The season of removal depends also on the subsequent trans- 
port of the timber. In plains, the duration of frost in winter 
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greatly affects the transport. If the wood has to he floated or 
rafted to any distance, it is often necessary first to allow it to 
become thoroughly dry, especially where the streams are 
shallow; thus years may elapse between the felling and 
the arrival of the wood at the saw-iiiilis, which clearly involves 
great risk to the (puility of the timber. Jn such cases the 
best logs should be removed speedily from the forest to airy 
foi’est-depots. 

7 . (Mineral Unlcii. 

The following general rules apply to clearance of the felling- 
area : - 

(a) All wood should be removed, the sale of which will 
repay tlie cost of removal ; this may he expected always 
unless prices hav(‘ gone down most abnormally. 

(h) All wood lying in places inaccessible by carts, such as 
ravines, rocky ground, swam2>s and steep slopes, should be 
removed. In the case of dead wood, clear-cuitings, thinnings, 
etc., in Hat or slightly hilly ground, the malerial is frecpiently 
left ill aihi, to be removed by carts, but even in such cases the 
collection of the wood by the proprietor often increases the 
forest revimiu'. 

(c) Wherever there is a crop of young growth, as in all 
secondary and selection fellings, extraction of standards from 
younger wood and where trai)-trees for beetles are felled, the 
wood should be removed at once from the felling-area.. Jf, in 
such cases, the heavier logs are not removed at once, as on 
fairly level ground, all the rest of the material and especially 
the firewood should be removed as soon as possible by work- 
men under the control of tlui forest-manager. 

The logs left on the felling-area should be raised above the 
ground on pieces of wood and removed as soon as possible by 
purchasers. 

(d) The forest-depot and the paths leading to it must be 
selected by the forest-manager before commencing the felling, 
and all wood from the felling-area brought to the depot with- 
out delay. In mountainous districts, where there is scarcity 
of room, vacant sites for stacking timber are provided by 
widening the roads leading downhill at suitable places. 
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(e) The method of removal of the wood to be adopted must 
be prescribed beforehand and adhered to as much as possible. 
All unsilvicultural methods should be avoided, and em})loy(Hl 
only in high mountain-districts, where the timber cannot 
otherwise be removed. 

(f) The greatest care must be taken of the young gi-owth 
when the wood is being removed, and tracks, along which tliis 
is permitted, should be selected beforehand hy the manager. 
Great care must be taken not to injure the bark of standing 
trees during the removal of the wood, as this frei|uently causes 
unsoundness and greatly depreciates the future value of these 
trees. 

On fairly level ground, if there is no snow, the heavi(U* 
material should be removed by means of horses and a pair 
of wheels, especially through young coniferous growth. On 
slopes, the groups of young growth should be sun*ounded by 
heaps of branches to protect them. Timber may be removed 
across natural regeneration-areas without any serious damage, 
but this is undesirable in the case of arlihcial j)lantations. 

(g) 'I’he wood should be removed in assortments, and thim 
stacked at the forest-depot. Caro should betaken to economise 
space in the latter, and that the piles of material on hillsides 
are stable. [In some cases terraces must be carefully made 
for locating the stacks. — Tr.] All small timbia* should be 
piled in hundj’eds or fifties, and butts and logs in lots of live, 
ten or more. Heavier pieces which would otherwise remain 
some time on damp ground sliould, as soon as possible, be 
raised on suppoi ts above the ground. 

(h) Each party of woodcutters must remove and pile its own 
wood separately from that of other parties, in order to facilitate 
payment for the work. 

(i.) Itemoval from the felling-area and transi)ort to the sale- 
depot are frequently done simultaneously ; in such cases the 
work may be entrusted to a contractor under strict rules to 
prevent damage. 

It often happens in the plains, in the case of clear-fellings, 
that great numbers of logs have to be removed, and sometimes 
this may be done best by means of contractors’ horses, 
mules, or bullocks. In high mountain-regions, removal and 
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transport are done generally by contrfict [as in Indian fuel- 
forests — Tr.] . 


Skction VllJ.™ Sorting tuk CoNviiRTEi) Material and 
Fixing the Sale-Lots. 

The lirst rough sorting of the material from the felling-area 
is done when the workmen bring the pieces to the forest- 
depot, and this classiti(*ation will hold for all the heavier 
pieces, logs, butts, etc., which cannot be moved about in the 
depot. The men therefore must take the greatest care to 
arrange these pieces properly, once for all. Pieces, however, 
which can be moved easily by the men, may be arranged some- 
what more carefully at the depot itself ; this refers chiefly 
to firewood and small timber. Every kind of material is 
arranged in small lots, which can be measured easily and their 
value estimated. This arrangement should be commenced as 
soon as sufliciunt Htuff has come down from the felling-area, 
and continued pu/T p((HHii with the conversion and clearance 
of the latter, so that it may terminate immediately after the 
felling-area has been cleared. 

The sale-lots may bo either in separate pieces, by numbers 
of pieces, or in stacked volumes. 

1. Siuijlc PieceH Jormiitff a Lot. 

All large pieces, such as logs and butts, are measured 
separately, and even if several such j>ieces are sold together, 
the rule is to estimate the value of each piece separately. 

In the case of broadleaved timber, hardly any two logs or 
butts are alike, and each piece should be sold separately. Coni- 
ferous pieces, on the contrary, are far more regular in quality, 
form and dimensions, especially the' butts intended for saw- 
mills ; a moderate number of similar pieces may therefore be 
arranged in a lot. Places in which they are to be arranged 
should therefore be shown to the woodcutters before any wood 
has come down to the depot. 

In forests subject to inundations, logs should be secured with 
cords or wire to posts driven into the ground. 
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2 . A Number of Pieces forming a Lot. 

All inferior timber, such as poles, etc., which resemble one 
another sufficiently, should be ])laeo.l in lots of 25, 50 or 100. 

A lot of hop-poles or bean-sticks of first or second quality is 
arranged easily, an average piece of each kind being selected 
to guide the workman. Assortments of small timber should 
be arranged therefore in the depot, in classes and sub classes. 
This work will be done the more easily if the woodcutters soi l 
them carefully during the clearance of the felling-area. It is 
everywhere customary to jdacc small jioles and sajilmgs m 
hundreds, and the larger kinds, and those for which there is 
only a inodcrato 
demand, Huch as 
scaffolding- poles, 
ladder-wood, cart- 
poles, etc., may be 
placed in fifties or 
quarter hundreds. 

They should ho 
placed with their 
thick ends to- 
wards the road ISH l*,.!.-, ariiUita-*! m (<•!''' 

between stakes 

driven into the ground. The smaller kinds— bean-sticks, 
hurdle-wood, etc.— may be fastened together in lots of 25. 
Poles may bo arranged conveniently by lens, a small rod 
being placed under the thick ends of each ton poles, in order 
to facilitate removal (Fig. 180). 



B. Stacked U'nod. 

All firewood, and as a rule all branch-wood, cloven-wood, or 
fascines, should be measured by stacked volume, and therefore 
piled in regular stacks; a much more difficult maltor tlmn 
the simple one of piling poles, and it musi be described in 

(a) Shape and Size of the Stacks.- -The stacks of firewood, 
billets, etc., are usually rectangular parallelopiiieds,of different 
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dimensions in different countries ; in Germany, Switzerland, 
Austria, France and Italy the unit is generally a stacked cubic 
meter {llanmmcter in German, or ^trre in French'"). 

It is, liowever, usual, even when the wood is measured in 
stacked cubic meters, to place three or four stores of wood in a 
stack approaching in volunui to the old customary measures ,* 
the usual numb(u* is then stores, but 1 and ‘2 stores are 
sometimes employed. The normal length of the billets 
in a stack is 1 meter, but especially in the case of cloven 
timboj’ this may be varied. The length of the pieces is 
considered as the width of the stack, and its other dimensions 
are termed length and height. Thus, for 1 meter of width, we 
have for 


Met CIS. 

Meters. 

4 stiTCs ! 2 ‘'7 1o..g 

I’.W liigl 

i 2 „ 

2 

8 „ 1 ” 

1 

2 

" 1 j 

1-50 „ 

2 „ 1 ” 

1 


1*25 „ 

1 „ 1 .. 

1 


[In the fuel supplied to the British army at Cbakrata in North- 
ern India, the stacks are 21 feet long x 5^ feet high and 2 feet 
wide ; this is su[)posed to contain 200 cubic feet, 1 foot in 
length and 2 foot in height being allowed for shrinkage. — Tr.] 

The stacks should not be too high, especially on sloping 
ground and with coarse split roots or heavy wood, and usually 
the height should not exceed 5 feet; high stacks only increase 
labour and are liable to fall. 

The usual size of brush wood- faggots is, with the exception 
of fascines, of the same girth and length as an ordinary split 
billet. 

(b) Site for Stacks. — lu selecting the site of a stack, damp 
places must be avoided ; a ridge is preferable, if available. 

As a rule, two sufficiently long stakes are driven vertically 

* [In France, tlic orcliimry cord 9 ft. x ^ ft. x 2/, ft. = 3 stores. (The 
French foot I ft. in., English measure). In England, the cord is either 
2Ui c. feet ~ 12' x <>' x .3' and is then called a fathom and nearly - 6 stbres, 
or 108 c. feet — 3 sthres, or 72 c. feet - 2 stores, as in America. — Tr.] 
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into the ground at the same distance apart as the length of the 
stack. In order to hold the pile of wood firmly it is better to 
have at each end of the stack two stakes, whicli must be strong 
and driven b}^ mallets dee})ly enough into holi's made in the 
ground by crowbars. Opposite stakes may be tital by witbes 
or strings, passing through the piled wood to prment it from 
forcing them apart, or side-supports may be api>lied to the 
stakes. 

On an incline, the distance beiwetm the stakes must be 
moiisured hoi-izontally, and tbe top of tiie stack should be 
parallel to the incline. It is ]>ett.ernot to substitute a standing 
tree for one pair of the stakes, as the loots N\ill prevcMit there 



ISl. Fiir. 1S2, 

Stnckin^ fiiewfxHi. 


being a level base for tbe stack, and irregularitii^s in the 
h(aght of tbe latter may follow. 

(c^i Stacking the Wood. — Th('. workman should pack the 
wood as closely as possilde. The liaseof the stack (Fig. 182) is 
made by laying sciveral pieces lengthwise on the ground on 
which tbe rest of the wood is piled transversely ; this precau- 
tion should be adopted whenever the wood has to remain for 
a long time on wet ground, otherwise the lowest liilletsmay be 
forced into the ground and rot. On dry, firm soil, this arrange- 
ment may be dispensed with ; the largest billets are tlien placed 
transversely, with their curved sides downwards, directly on 
the ground (Fig. 181), and the stack is completed with wood of 
tbe same quality, tbe larger pieces being always piled first to 
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ensure stability : at the same time, the men should pile the 
wood in such a way as to keep the top of the stack continually 
horizontal. 

In order to pile the stacks closely, and also to protect the 
wood as much as possible from rain, it is better to place the 
curved sides of the billets above and their points downwards 
(Figs. 181 and 182), except in the lowest row. The front 
surface of the stack also should be quite level and vertical, and 
as the billets are of different thickness at the two ends, they 
should be placed alternately with their thick and tbin ends at 
either face of tlu^ stack. The first cord binding the stakes 
should be placed at a height of 1 J feet (half a meter), and the 
second at B to 4 feet (1 to 1^ meters). 

Stacking stump-wood is most difficult, as the shape of the 
pieces is so variable. Split pieces of small stumps are placed in 
the ordinary direction, but the larger pieces have to be arranged 
accoi’ding to tlie skill of the operator, so as to lit in with the 
otluirs. Hpaces that cannot be otherwise stacked should be filled 
in with broken pieces and small roots, but round pieces should 
not b(^ used for this purpose ; a stack of stump-wood should 
contain nothing but pieces of stunqis and roots. 

When the workman has raised the stack to nearly its proper 
height, he should measure it carefully so that the proper 
heiglit may be attained, but not exceeded. To ensure this, 
it is often necessary to finisli the top of a stack of split billets 
with a layer of round ones. 

Stacks should, if possible, be placed alongside one another 
in long connected rows. This economises space and secures 
the stacks from being overturned. In case the firewood has 
to remain over winter in the forest, the long stacks are, if 
possible, placed in parallel rows, with intervals between them 
narrower than the length of the billets, and the topmost 
pieces are arranged to form a complete roof over all the 
stacks. 

(c) Shrinkage. — As green stacked wood shrinks while dry- 
ing, and if not removed for some time will lose its bark, in 
many countries, such as Bavaria, Switzerland, etc., it has 
become customary to increase the height of the stacks, so as 
to allow for shrinkage. In Prussia and other German 
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couiitrieH, this is done only when there is a lon^ interval 
h^^tweeii the stacking and the sale of the lirewood, hut in 
Wnrteinberg and Ilesse no excess lioight is allowed. 

This excess height is as follows in dilierent countries ; — 

Prussia ^^tli of the regular height* 

Bavaria ^htli „ ,, 

Switzerland „ ,, 

Considering that the shrinkage of the ])illets does not 
depreciate the healing-i)Ower of the wood and that its total 
amount varies greatly according to circumstances, such as the 
interval heiweeii stacking and sale, the species of wood, the 
position of the stack, the degree of si)litting, etc., and that no 
excess is allowed for shrinkage in the case of tiuiher, it is 
advisable not to allow for it in lirewood except where legal 
rights to that effect have arisen. It has also been proved by 
Bohmerle'^ that there is scarcely any change after a year in 
the height of a stack of firewood, as warping counteracts the 
shrinkage, so that according to his experiments, its height 
decreases only by about an inch in a year. 

(d) Stacks of Cloven Timber.— In stacking cloven timber, 
great care must be taken to separate the better kinds from 
inferior linibei', and not to suller any unsound or knotty wood 
in a stack. In the case of oakwood, all sound split pieces 
must be included in stacks of cloven timlxa’, and oak-lirewood 
stacks should not contain a single sound piece which can bo 
classed as timber. 

Deviations from this rule aro justihable only where there is 
no demand for inferior classes of cloven wood. In the 
Bavarian Purest, the detailed assorting of coniferous cloven 
timber is done partly during the floating, the floating work- 
men selecting from out of the water the good pieces, that are 
usetl for sieve-frames, match-wood, etc. The employees, who 
are sworn to deal fairly, stack this wood on the bank and value 
it as timber. 

(e) Stacking Faggots.— Faggots are collected into piles 
each containing 25, or a multiple of 25 faggots. They are 
put sometimes horizontally, but keep much better standi^' 

* JJas waldtrockiie Holz, ’ Vienna, 1S7!), ./Ohler S 

u 2 
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tliroo faggots Ixiing laid in a pyramid and all the others placed 
leaning against them. 

AMien faggots are not prepared, the braiicliwood is generally 

])iled in heaps, 
and may he cut 
into equal lengths 
for this 2)iirpose. 
Sometimes it is 
t)iled, as shown 
in Fig. iHli, and 
tied roughly in 
him dies to hieili- 
tate trail st)ort. 

(f) Special men 

employed. Ordinary woodcutters are not allowed to stack 
firewood, as in theii* own interest tlu'y would make as much 
of it as possible. Special men are therefore employed, who 
aie well known to the forest-manager and are sworn in to he 
faithful. They should ])ile the wood pre[)ai*ed hy each party 
of w'oodcutteiB separately, so that their earnings may he 
calculated. 

3 . Proievtiiuj the FotmiJ 

Uie supervision and guard over the material at the depot is 
facilitated greatly if it he arrangial according to an easily recog- 
nised plan, it must he jdaced so that the purchaser’s carts cim 
a])pioach e-ach lot as nearly as possible. This is more easily 
attained when the convei sion and sale of the timber precede that 
of the fiiewood, and then the billets may he stacked in long 
rows along the I'oads or rides, with the faggots behind them. 

As a 1 ulo, themodcof arrangement of the depot dejiends chiefly 
on the area aA'ailahle, hut the forest-manager should always 
endeavour, like a trader, to secure a good display of his w^ares. 

AVhen tlie last firewood stack is ready, and the felling is 
thus completed, all chips, broken pieces and other waste 
mateiial may he collected and distributed among the wood- 
cutters. In certain localities, the twigs and hi*anchw’ood may 
be spread over the area, either as in the Alps to protect the 
becohiy^S growth against cattle, or as in jhiimes, to facilitate the 
to allow of the surface before sowing an agricultural crop. 
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SeCTJON IX. — KsTIMATJNd TfllJ VllOLD. 

1. Xmulh riui/ the Lola. 

As soon as tlie lolling oponiiions art; ovt;r, tlit; jiinoimt 6i‘ 
inalorial produootl must ho calciilaiotl and its valuo ostiniahKl. 
If tlio cloaranco of iho area and ilio trans[Kut aro oarriod 
on siniulianoousJy, and iho wood is roniovod ii considtuahlo 
distanco from tho lolling-aroa to vjillcys or rafting stations and 
collootod there, tlio estimation is elTootod at those jilaoos, and 
in tho case of summer fellings often not till the lollowiiig 
Bt)ring. 

i^hich log or hutt, each [)ilo of 100, 50 or *25 j)oles, etc., 
-eaeli stack of firewood, and every 25 faggots, form the several 
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lots. Current numhers are, therefore;, allixed to oacli set)aiate 
lot, to distinguish them from one another. 

In order to render the control of timher-export eil’ectiv'e, it is 
better that one series of numliers should serve for a wlu)le 
forest-range, or for a group of fellings the produce of which 
passes in a certain direction. In order, however, to obviate 
the inconvenience of using very high numljors, each class and 
sub-class of produce is numbered separately, so that there are 
several series of numhers each heginning with No. 1, for 
the logs, butts, hundreds of poles, stacked wood or faggots. In 
Prussia and some other countries, each species of wood, such 
as beech-logs, oak-logs, etc., receive different series of numbers. 

The numbering may be done by hand, or by means of a piece 
of softwood charcoal, a red pencil or by Faber’s numljering 
chalk, the marks of which last for two years. A paint brush and 
black oil-paint also may be used with or without stencil-plates. 
Certain steel dies have been invented, of which Gohler’s 
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revolviii;^ (He-liauiiiier 3H4) is luosl ollective and is^ 

now extensively used. Accordiiijj; to K. Hess, it is less 
laborious to number the lots by band, but tlie ligures iin- 
presse<d by the apparatus are more duralde and legible, and 
witb (iohler’s revolving liammer, usetl with both hands and 
marking tlio ligures horizontally, 2,000 to 3,000 logs may be 
numbered in a day. Another revolving hammer hy Sedelmayr, 
somewhat heavier than that by Cl<)hler, is shoN\n i]i Fig 185. 
This marks the ligures vertically on tlie log. 

Logs and blocks are numbered usually attheii- ends; in the 
case ol split wood, one large billet is pulled forward from the 
stack to receive the number; stacks of poles and smaller 
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In thfi remarks rolnmn, entries may bo made as to wboro 
the lot is situated, for instance, on the upper, middle or lower 
road, tliron^b tlio depot, or follinf^-area. 

The ninnberin<^ book for firewood should run as follows: — 

! X,w.t lol Si..ci.‘-^ ' Oii.iMtil\ 


2. iUtiiuat 'uhf iJir ()uan(ihi (>f Proihi<'i\ 

Tbo <|unntity of ])rodu(*o from a fellin;j^*aroa may be 
estimated in dillerent ways, according; to the cubic contents, 
or dimensions of the lots. 

(a) Each Lot a Separate Pioco.— When each lot is formed 
by a soparab^ piece, tlie volmm*. of the ])iec(!S must be 
csiimal(!d sc'paratcly, ('illua* by calculating their (uibie conte.niH, 
or their dinuiiisions. 


j. (^uhiv (^onlnih. 

In riermany, Frances and some other countries, tlie cubic 
consults of timber ar (3 always measured by the cubic meter, 
but in Fneland, India and North America by tlu', cubic foot. 
Without complicatiu}:? the procedure by considta’iufjj lo^js as 
truncated paraboloids, the simjde method is adopted always 
of multiplying the sectional area at the middle of the log hy 
its length. The cubic contents alone, however, are no exact 
indication of the value of a log, its length and tluckm'ss and 
the diameter of its smaller end must be also given. 

It is customary on the continent of Enro])o to measure the 
length of logs in meters, and even decimeters (m. 0’2, O' J, 0*(>, 
etc.) ; the diameter in centimeters, and the cubic contentH in 
cubic meters to two decimal places. 

[In English mea.sure, the. length of logs is given in feet ; the 
diameter, or quarler-girtb, in inches, and the volume in cubic 
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feel witlioiil fraction r. Squared balks of valuable wood like 
mahogany are, however, sold by the superficial foot. — Tr.j 

Whether timber should be nieasuriHl with or without bark 
depends on local custom. In the case of wdiiter-fellings, the 
bark is included, and wherever summer-felled or other peeled 
wood is measured, 12 to 15 per cent, is added to the cubic con- 
tents to allow for the absent bark. 'J’his is done because the 
yield of the forests in the working-plan is estimated with the 
bark on the trees, but tbe Germlin timber-trade is most 
anxious that bark should not be included, and this method 
Gayer strongly recommends for adoption everywhere in the 
interests of uniformity. 

A universal systian of measuring timber without bark pre- 
sup]>oseH that the bark of logs is removed at the measuring 
point, and tliat no addilion is made for pcM'ltMl wood. In the 
case of coniferous logs, the difle.renc(‘ in diamete.r between 
barked and unbarked trees is 'i inch on the av(u*nge, some- 
w’hat mor(i in the case of jiiru's, and for logs under 10 inches 
in diameter, less than ] inch. 

In the case of roughly barked broadleaved trees, such as oak' 
and ash, the bark is 12 to 15 per cent, of the total volume ; 
in the elm, up to 18 jier cent, and more ; the birch 11 per 
cent.; the Scotch pine, 11 to 15 per cent.; spruce logs and 
blocks, 12 to 18 per cent. ; silviT-fir ditto, 17 per cent, and 
more. It sbould be notiul that on good soil with a dcuise 
growth, the bark is least, whilst in unfavourable localities and 
open woods it is at a maximum. 

Whenevcir stems are sold at their full length, the measure- 
ment for timber stojis naturally where tbe small end becomes 
less than the minimum in timber-classes, and tbe rest of the 
log can be measured only as firewood. 


ii. JfraftmrwntU army/im/ to 

In some localities, where there is an extensive trade in logs, 
it has been for a long time customary to arrange them in 
classes which do not depend on their cubic contents. Thus, 
for each class (IJoUHtulcrhoh, etc., of the Black Forest), a log 
of average dimensions is assumed as a standard and by its 
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value that of all other logs in the class is regnlaleil, according 
to variations in length and thickness at the butt-end. 

In the Kinzigial of the lllack Forest, \Yhich has been 
renowned for centuries for its fine logs, a silver-lir log ‘20 
meters (05 feet) long and 46 centimeters (18 inches) at the 
butt-end, is considered the standard. 

In many regions of the Southern Alps, in tlic samt^ way, 
butts 12—15 inches in largest diameter are considered 
standards. Thus traders speak of 2 pieces of 10 * 12 inrdios, 

4 8 — 10 indies, ft of 6 - 8 inches as equivalent to a standard, 

whilst butts of 15— 1ft incluis are considered eipiivalent to U, 
and larger butts to 2 standards. \ similar custom jin', vails in 
Norway where a standard contains about 2.1 tons of timber.^ 

It is clear that such a method greatly facilitates trading, for 
the price of each class is a multiple or ])art of that of the 
standard log and rises and falls with it. At the same time it 
is much simjiler to calculate prices by the cubic contc'uts, than 
where a few millimeters in the diameter of the butt give rise 
to a considerable difTerence in pricc'S. besides, it is evident 
that traders must have experience in tlu' nu'thod ludore they 
can understand all its refinements thoroughly, and this gives 
local traders a considerable advantage over would-be com- " 
petitors from a distance. This naturally reducers competition 
and pi ices. Hence the method is falling into disrc'imte, and 
will probably bo replaced gradually by that which emjdoys 
the cubic contents. 

(b) Piled Lots. — With the understanding that poles and other 
small classes have been duly placed in lots, all that lias to be 
done hero is to count the numbers of lots of each class and ontor 
them in the book. They are reckoned also in cubic meters. 

When for instance the forest-manager enters half a hundred 
second-class hop-poles in his book, their volume is known, 
for from the class-tariff the dimensions of a second-class hoj)- 
pole are known and therefore how many such hop-poles go to 
.a cubic meter. 

The cubic contents of poles is measured in the same way 
as for logs, but evidently this need be done only in a few cases 

* I In the tinilxM-lraUc, stuTulards usimlly refiroHCiU planlcs. tlius tln‘ l.omlrtn 
standard is 1‘20 x 12 ft. ’1 in. x 9 in. <loals. — Tr.] 
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to determino the average, or experiiiieiital tables may be 
referred to for the purpose. It is to he regretted that there is 
little general agreement as to tlie class dimensions of poles, 
and the volumes of different lots are in a state of chaos. 

(c) Stacked Wood.— In estimating the quantity of stixcked 
wood and faggots, all that has to he done is to count the 
number of units of recognised dimensions and enter them in 
the book, and as the stacks are usually 1, 2, B or rarely 4 
stacked cubic mehirs, this is a very simple affnir. At the 
same time, the dimensions of the stacks as to height and 
breadth should be checked, hero and there, by fictiial measure- 
ment. The depth is the actual length of the billets, the 
correctn(^ss of 'which should bc^ seen to carefully during the 
conversion. The stacks must be piled also as dcaisely as 
possible; badly })iled stacks slioiild be upset and piled again. 
The length and girth of tlie faggots should be che(dv(‘d at the 
same time, and the number of laggots entered in the hook. 

3 . Ksit'maihuj the Qnalitt/ of ihv Produce. 

This includes all the points already referred to, such as 
i%,Bpeci(‘s, grain, and customs of the market. The s])ecies 
should he entered always in the range receipt-book, hut to 
enter the other points would lead the manager too far into 
detail. Taken altogether, however, they e^nahlo the forest 
manager to decide on the quality of the produce and he ^Yill 
pay the more attention to these points, the more valuable each 
lot is likely to he. 

As already sfafed, the greatest attention should he paid to 
tho quality of the oak-timher and to logs of spruce and silver- 
iir, which have far to go to reach their ultimate destination. 
In the interests of trade, it is desirable that such wood should 
be iKirfectly sound at least when handed over by the forester to 
the tiuiher-merchant. 

4. V(tJuaiwn, 

As soon as the quantity of the produce of the felling has all 
l)een enteretl, and the manager has become acquainted with 
the quality of each lot, he should proceed to put an estimated 
price on the lots, in accordance with the latest information he 
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has acquired regarding local demands. The sale-price which 
the produce will realise often depends greatly on the fact that 
a proper valuation of it has been made before the sale by the 
forest-manager. 

In order to arrive at such a result, he must ho acquainted 
thoroughly with the actual state of the market, and with the 
technical qualities and defects of his wood, and the purposes 
for which it is likely to be employed. 

The manager should bestow the greater care on the classi- 
fication of his produce, the more valuable it is, and when full- 
sized logs of good timber are included, a rough estimate of 
their value will not suflico. Tn such cases, the entire log 
should be valued in length sections in accordance with the 
uses to which it may be put. As each piece or lot is valued, 
it should be stamped with the range-hammer, genei'ally close 
to the number it already bears. This denotes that the w'ood 
has been entered in the range receipt-book and is useful in the 
control of the transport or in possible cases of peculation. 

Section X.-— Concluding the Business of Felling and 
Conversion. 

As soon as the range receipt-book has been written -up, the 
produce of the felling must be tabulated to show its value, then 
the depot should be inspected, the workmen paid, and thus 
the ^\ hole business concluded. 

1. licfjiHtry of ihe Amount and ] a/ac of the Yield from 
the. FelViny, 

The results of the felling, as shown in serial numbers in 
the range receipt-books, must be entered in the felling- 
register, which summarises the total amount of produce of 
each class of material and its value. The prices of the units 
of each class of produce should be average local prices, and 
generally are kept up to date separately for each range and 
sometimes termed timber-royalties {Jlolztaxenf 

At the same time, the produce may be marked for sale in 
lots w'hich as already stated should be larger or smaller, 
according to the circumstances of the market (Vide, p. 212). 
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Ab these prices, or royalties, are fixed by units — at so much 
a cubic meter or cubic foot, per log, per hundred i)o]es, etc., per 
stacked cuhic meter, 100 stacked cu])ic feet, cord or 100 
faggots all that has to be done is to multiply the number of 
units in each class by the ]»riee of a unit. 

The felling-register usually contains a summary of the 
whole produce of the felling, and for this the cubic meter is 
used generally throughout Germany, France, Austria-Hungary 
and Switzerland. 

There is no difficulty in calculating the cubic contents of all 
the timber and poles, and certain reducing factors established 
l)y experiment are used to transform all the stacked volume of 
the firewood, faggots, etc., from stacked to solid measure. 

The following average reducing-factors wore determined by 
measureimuits made in Austria, for pieces one meter long:— 



Il.'inlwdi ul. 

Sufi w (kmI, 

Stacked timber . 

. *73 

•77 

Sjdit firewood 1st class . 


•08 

,, 2nd class 

•03 

•Of) 

„ 3rd class (knotty wood) *58 



Round billets 

•r>7 

•04 

Ditto small 

. -44 

•50 

Root and stump- wood 

•10 

•47 

100 Faggots .... 

. 1-01 

1-05 


Beech, [ash, sycamore.- Tr.] hornbeam and oak are classed 
as hardwoods; alder, birch, aspen, spruce, silver-fii*, larch, 
Scots and Austrian pines as softwoods. 

2, licrmon of the Uccord. 

On completion of the felling-register, or before it is written 
up from the range timb(u- receipt-book, the record of the produce 
of a felling may be revised by a superior forest official. This 
should be done carefully in the case of valuable timber, but is 
hardly necessary for firewood. 

8. Payment of the Woodvntiers. 

As soon as the full statement of the prwhice from the felling- 
area has been prepared, there can be no difficulty in settling 
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accounts with the woodcutters ; for by multiplying the con- 
tracted rates of pay per unit of produce by the quantity of 
material, the total amount due to them is easily calculated. 
Owing, however, to the generally impecunious condition of the 
men, it is usual from time to time to pay them advances in 
respect of work done; generally these are made every fortnight, 
or weekly. The sums paid should be proportional to the work 
done by the men, that always can he calculated roughly. In 
order to prevent the risk of over-))ayment and kee]) the men 
at the work, about one quarter of their earnings is kept hack 
till the whole work is done; then the balance is paid to the men 
after deducting all their advances from the total amount due 
for th(^ work. 

It is generally the duty of the foreman to draw the payment 
from the forest cashier, and distribute* it among the diflenait 
parties of woodcutters. Wliere^vcT the work lias Ixien given 
to a contractor, ho will he paid for it in full. 

To attem]it to ])ay ready money for the whole work during 
its ])rogress, as portions of the wood are tedUul, converted and 
placed in tlie (hqiot, is only to introduce complications and 
unnecessaiy troubles into the busim^ss. 
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WOOD TRANSPORT BY LAND. 

Introduction. 

Thr lsirn;ost foroRi aren,R arc found gonnrallj in Uiinly-popn- 
latod n^inoff} disfricLs, and the foviist-owncr nnisfc, therefore, in 
8 iK?h eas(‘R, (iX])efd; only a linnted jhnnand foi' the produce of 
hiK fni(!slH iinl(«K ho can iinia-ovo the inoaiiK of eommiiiiication 
hoUvoon tlioiu and diatant inar)«!ts. The foreat-ownor oflon 
undorlalfos Uio transjiort of liis own wood, soinotinioH directly 
to the timl,or-nmi kot, or to a ))laco whore oxistinf- moans of 
cominnnication arc f-ood enough for no further trouble in this 
respect on liis part to l.o necessary. If, however, the trans- 
poi-t of tlio timlior IS iindcrtalion hy agency independent of 
the forest-owner, the latter sliould endeavour to improve 
the moans of communication between his forests and the 
markets, so that wood may lie convoyed as cheaiily as 
possible. 

The groat improvement during tlio present century in com- 
mumcations, and especially hy means of railroads, tends more 
and more to reduce the cost of carriage, which is a vital iiues- 
1011 in forestry. It is therefore necessary to connect the 
forests with the general lines of land and water communica- 
tion, in onler to get full value for forest produce, and esiieci- 
•ally for the better classes of timber. Although the forest- 
owner has to face greater dilliculties in this respect than any 
other large producer, yet recently nowhere has greater energy 
been shown than in improving forest communications. 

Wood-transport, therefore, means the conveyance of the 
wood to th^more or less remote markets or depots hy moans 
of more or less nermaneiit routes. 'Transport is thus dis- 
tinguished, hy the greater distance over which it acts and 
the more iierraanent nature of the routes employed, from 
dearanoe of the felling-area, although both these measures 
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frequently coalesce, and cannot be sharply disiinj^uiBlieil from 
one another. 

The transport of ^YOod is distinguished as transport by land 
and transport by water, a short account of each of which will he 
given ; the values of the dillerent methods described will then 
he compared, and permanent timber-depots will he descri])ed. 
In the present hook, full details as regards the construction 
of the different means of communication will not be given, and 
they will he described only in a general way. 

This chapter deals in detail with land-transport only, the 
different means of land-transport for forest produce being 
forest - roads, timber - slides, forest - tramways and wire- 
tramways. 


Section I.— Forest-eoads.^^ 

A. CoNSTKUCTlON AND MAINTENANCE. 

(a) General Account. — Forest-roads are undoiihtedly the 
best means of land-transport for forest material, and good 
forest management must attend strictly to the necessity for 
intersecting forests with good roads. The chief reason for tlie 
l)referenco of roads to other modes of timber-transport depends 
on their superior durability. 

Forest-roads are constructed not only in plains, hills and 
low mountainous districts, but even in high mountain-ranges, 
and are being extended constantly to the less accessible forests 
at high altitudes. 

(b) Network of Roads for a Forest. — In constructing 
forest-roads it is absolutely necessary to proceed according to 
a well-considered plan, forming a network of roads through- 
out a forest range or a separate forest. The planning of this 
road-network should contemplate not only present demands 
but also those of the future, and thus consider iiarts of the 
forest which will be worked at some future time. 

The road-network therefore should be projected ai|d planned 
for the whole forest, though it may be necessary at present 

• Cf. Wuidwfgbau ” by C. Schnberg, lierliu. 1S73, also by Slotzcr, ctl., 
: ]89:>. Wimmenauer, ISIMJ. Dotzel, IS'JH. Marchet, Isas. C. Ci. Rogers, 
, ” Forest Englueering in India,” Calcutta, 19(K), 3 vols. Mathey, cit. 
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to construct only certain of it. The other 2)anis ui me 
network will be constructed, seriatim, as the working of the 
forest jiroeeods, and by the end of a forest rotation, the 
whole projected network will be comijleted. It is, however, 
indispensable to take in liand the roads for certain forest 
coin2)artineiits several years before the regular course of 
fellings reaches them, so that they may be ready in time. It 
is esj)ecially necessary in mountain-forests, where road-making 
is most diilicult and exj)ensive, that the plan for the network 
of roads should be thoroughly well devised. In the case of 
forests in i)lains, it may be 2)crmissible to construct temporary 
roads, which are allowed to fall into disrepair when all the 
material for which they were constructed has been transported. 
This is not sutlicient for mountain-forests, where all roads 
made should be kept in constant re2)air. 

The main roads should run through the heart of the forests, 
and be so directed that they lead to other 2)ublic roads in 
direct communication with timber-markets, or to railroads or 
streams serving for water- trail s2)ort. The forest-roads are 
themselves often jiublic roadways. Subsidiary roads braiich- 
olf from the main roads into the forest, and may servo as means 
of transport from all parts of it. In tracing subsidiary roads, 
the forester always must keep in view the fact that each of 
them should serve several compartments ot the forest, and 
therefore should cut right through ihe felling-areas or adjoin 
them, or be connected with them by smaller bifurcations. 

The princi2)al forest-road usually follows a valley leading 
towards the timber-market; it either reaches this valley within 
the limits of the forest, or keeping more to the high and less 
broken ground descends to it outside the forest. Tiie main 
roads should be arranged so as to connect the market with all 
parts of the forest, by means ot the subsidiary roads, without 
its being necessary for the latter to make any long ascent to 
reach them. 

In le^ and slightly undulating ground, every forest 
boundary-line and every forest-ride may serve as a subsidiary 
road. In mountainous forests, however, the roads, descending 
in long curves from the heights to the chief line of com- 
munication below', pass repeatedly through the compartments ; 
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or roads at different altitudes are connected by means of 
slides, which are often necessary where the mountain-slopes 
are steep. The subsidiary roads may be traced also along the 
narrow side-valleys of the higher mountain-ridges, into wbicli 
the wood is brought from both sides. In such cases tiie roads 
must wind round every intervening spur or rock in order to 
communicate with the felling-areas. 

In the case of an extensive tract of woodland belonging to 
one owner there is little dilliculty in laying out a network of 
roads, but where the properties are subdivided among several 
owmers, or where the forest surrounds other property, there 
are often serious obstacles to be dealt with. Old roads which 
one is loath to abandon are often sources of difficulty. It may 
also be the outlets from the forest where difficulties arise, 
when the fields beyond it that should be traversed by well- 
constructed forest-roads belong to poor or obstinate village 
communities, or to private owners. 

As regards the kinds of road to be constructed, a distinction 
may be made between earth-roads, paved-roads or chaussdes, 
and roads chiefly made of wood. 

(c) Earth-roads. - In earth-roads no material is used but 
that found in ilie immediate neighbourhood of the road. In 
the plains the road is lined-out, roots of trees extracted and 
removed, ditches dug to serve as road-boundaries and for 
drainage, and the material from the ditches placed on the 
surface of the road to give it the requisite curvature. 

In mountainous forests a horizontal basis must first be 
given to the road by excavating the slope above its axis and 
throwing the material below it. Wherever the slopes are very 
steep, retaining-walls of either stone or wood must be con- 
structed below the road ; in such cases the stones necessary 
for this purpose are nearly always available alongside the 
road, and with them dry masonry retaining-walls may be 
constructed; only exceptionally should wood, which ia so 
perishable, be used for this purj)ose. ♦ 

Earth-roads may be improved considerably if they pass 
over clay or limestone, by strewing the cart-track with small 
broken stones, sand or gravel, or by putting on a layer of clay 
if the soil is too loose. Whenever roads are much used this 
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must be clone if they are to be at all permanent. If, instead 
of merely spreadin^j; stones on the surface, the cart-track is 
covered to a depth of H to 12 inches with broken stones which 
are well rammed down, the road is said to be macadamised. 

In constructing forest- roads the j^reatest attention must be 
paid to drainage, and this is of the highest importance in 
plains and on peaty soil. In hill-roads, drainage is generally 
secured by their sloping nature, especially on sunny aspects. 
In order to drain roads on north and (;ast aspects and on level 
ground, side-drains must be kept open and the surhice of the 
road suitably curved. The road also must he raised above 
the ordinary ground-level and well aerated by keepitig it free 
from over-hanging trees Lalthougli it is well-known that road- 
side avenues are highly etiickiiit drainers when the trees are 
not too near the cart-track and are properly pruned —Tr.]. 
Where sullicient fall cannot l»e given to the side-drains, and 
stone is not available, as in depressions on the plains, in 
alder-woods, etc., every means should be taken for raising the 
level of the road, and the ditches kept at some distance from 
it so that the water in them may not permeate into the road 
and make it soft. Tlie draught of air is increased by keeping 
the road straight, clearing broad road-sidings through the 
forest and cutting away all overhanging trees. 

Macadamised roads have the great advantage over paved 
roads, especially when gravel and small stones are at hand, of 
being not only cheaper but actually easier for trallic than the 
latter, except when very carefully constructed. 

(tl) Paved Roads. — Paved roads are distinguished from 
ordinary roads by their greater width and the greater atteu- 
tiou paid to the gradient, hut especially by the care with 
which they are metalled. The cart-track in them is excavated, 
lined with stones or cement, and coarse broken stones are 
then spread on the surface and rolled down liimly. Several 
other layers of stones are then superposed, each layer con- 
sisting of finer material than the one below it. It is always 
bette^to use broken stone, which packs better than round 
pebbles. Each separate layer is roiled and firmly pressed 
down. The more gradual the change of size in the material 
used for successive layers of metalling, the more durable the 
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roadway will be. If small sfcones are i)laced directly on a 
coarse basis, the road soon becomes worse than the simplest 
macadamised road ; the coarse stones from below work their 
way through to the surface, rendering it uneven, and forming 
holes into which material placed to mend the road soon sinks. 
As these paved roads everywhere must be constructed strongly, 
the retaining walls, culverts, bridges, etc., are much more 
elaborate than on ordinary roads ; frequently solid masonry- 
revetments are applied to the steep slopes above them in oi’der 
to prevent landslips, and in any case, slopes of soft material 
must be terraced and wattled. 

The main roads coming from a forest, where the traflic is 
continuous, should be constructed as j)aved roads or at kuist 
macadamised. Even the most frequented subsidiary roads 
should be macadamised. False economy is newer more out of 
place than in the construction of indispensabb} fon^-st-roads. 
[Even mule-tracks four to six feet wide, in the Himalayas, 
should be macadamised. — Tr.l 

((') Roads made of Wood. — Suclf roads aio not durable 
and should be avoided as much as ])Ossible. On peaty 
soil and in swampy depr(5Ssions, however, they cannot be 
dispensed with, nor for summer-sledging, 'riuy art', of three 
kinds : roads nuule of fascinos, of round pieces of wood and 
sledge -roads. 


i. I'iomh moilv with F(fsrinps. 

Fascines are ustHl for short distances in crossing swampy 
ground, which cannot be drained easily, especially ovtu* peat- 
mosses where macadam would sink in uselessly. After digging 
the boundary ditches of such roads, a layer about one foot 
deep of birch, spruce or Bcots-pine branches is placed evenly 
on the track, the larger ends being turned inwards; on this is 
laid a layer of moss, heather, bilberry or turf-sods, etc., which- 
ever the locality affords, and the surface is completed with 
gravel, iron-pan or clay. Sand alone should not be used, as 
it soon finds its way through the substructure of the road, 
and in any case is a bad binding material ; sand, however, 
when mixed with clay or loam, may be used to cover the 
roadway. 

F.U. 
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Whfiro roads cross shifting sands they may 
similarly. 


ii. Cordaroy^rocuh. 


he constructed 


These are made under similar circumstances to the 
fascine roads for crossing short stretches of swampy ground. 
In this case, the lowest layer consists of middle-sized logs 
placed close together longitudinally in the direction of the 
road, and upon them round or split billets of wood are packed 
transverscily, whilst poles are ])egged down lirmly on both sides 
along the edges of the roadway above the billets to retain them 
in position. 

This kind of road is uscid to prevent the feet of beasts of 
draught from sinking into swam]>s, and is also much used for 
filling Indlows in the construction of sledge-roads. 


iii. S/ff/yr-nuida 

I’ermanent sledge-roads are used in th(5 summer transport 
of wood over slightly sloping ground. In order to reduce 
friction in sk;dging logs or iire-wood, the road is laid trans- 
V(!rsoly with middle-sized round billets which are held in 
position by ])cgs driven into the ground. Their distance 
apart should not (exceed two feet, so that tluj sledges may 
rest always on at least two of them. To reduce friction 
fnrtlu'r, the bilb^ts are often smeared with grease, or water 
is poured on them. In the case of tluu’r ))eing too slippery 
after rain, sand may be strewn on them to increase the 
friction. 

In the Harr forest-range in Alsace, sledge-roads are exten- 
sively used, also in most of the forests of the Vosges 
mountains. 

[A much more elaborate sledge-road than those described 
here was made in the forest of Tihri Garhwal, in the 
north-west Himalayas.* Its gradient varied between 5 and 
11 degrees, and experience shows that 8 degrees is best, and 
the sharpest civve has a radius of 20 feet. The length of this 
sledge-road is 5877 feet, and the total fall 835 feet. It was 

* For a cornplote .amnint of this slodfjo-roatl, see Indian Forester,” Vol. XTf., 
p. 
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constructed of defective meter-gauge deodar raihvay- sleepers 
which measure 8 feet X 8 inches X inches, two sets running 
horizontally and feet apart, ]>eing jointed and pegged 
together by oak i)egs, wliilst tlie transverse sleci)ers were 
pegged into them at distances of 2^ feet. Tlie grooves in 
whicli the sh'dges run varied in breadth from 4 (1 inches 

according to the curves, and w(;re to inch deep, iind 2 feet 
apart. The central i)art of the roadway was ballasted up to the 
level of the transverse sleepers to prevent the roadway from 
shifting, and to serve as a footpath, (luards consisting of 
half-sleepers were plactid on the outside of all sharp curves to 
prevent tlui sledges leaving the road. 

The roadway itself in many places was blasted out of 
precipitous rock and contained 20 bridges and wooden viaducts, 
}iltogelh(jr 1008 feed long. This sledge-road prov(id V('ry 
economical in tluj transport of railway-sleepcu's. Jn tho 
adjoining Hamsu sledgcvroad, the line on tho ste(‘]) gradients 
W'as imvle of ]4no, the cross-pieces being 3 feet apart ioinen^ase 
friction, and sand us(m 1 freely. On low gradients linely graimjd, 
liard thnlxjr, such as Sissoo, was used, and tho cross-pitauis, 

• 2 fi'ol a})art. On interimuliahi gradients, deodar. — 4’r.] 

(f) Horizontal Plan of Roads. — As rtigards tlu‘, horizontal 
plan of forest roads, shar]) curves with a radius less than 
100 feet sliould h(^ avoided as mucli as possible, especially in 
mountain districts, and the roads should run in long sweesping 
curves. Wherever the transport is maitdy concerned with 
logs, atUaition should he paid to the possibility of tlie road 
being used for sliding the timber or for a forest tramwaiy. 

(g) G-radient. — It is most imiiortant to decide on tho 
gradient of a forest-road, which should he constriickid only 
after pegging out the levels. Roads for general traffic have a 
maximum gradient of 5 per cent., which is also a desideratum 
for main forest roads, as in such a case, the road may be con- 
veniently traversed in both directions. .Forest-roads, however, 
are generally used uphill by empty conveyances, and those 
which are laden generally come downhill, so that gradients in 
main roads may go up to 7 and 8 per cent., and in subsidiary 
roads to 10 jHir cent., and even more according to the manner 
in which they are used. 
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Steop gradientfi should be avoided always for cart* traffic, not 
only to facilitate the latter, but also to protect the road, which 
when steep is liable to much injury from the use of the brake 
and owing to erosion by water. Sledge-roads, on the contrary, 
recpiire aste(i]) gi-adiont and have been constructed recently in 
a most perfect form in high mountain-regions, being made of 
two kinds for sledges drawn by men or animals ; they may be 
termed feeders and main sledge-roads. The latter are confined 
to the lower ground ; traverse long valleys, and serve for 
conveyance! of the wood to de])ots. Tlu! feeders descend the 
mountain- Hlop(m from tl^e highest and most inaccessible parts 
of the forest, they often wind round all kinds of obstacles, 
rocks are blasted to make way for them, galleries cut along 
]>recipic(!S and tunnels bored. J>y their means the wood is 
brcuight dowji to tlu! main si edg(*, -roads. Wh(!rev(!r sledge- 
roads run through cuttings in districts with h(!avy snowfall, 
they must b(! covered with rafters and spruce ))ranch(^B for 
]!r(»t(!ction. The gradient of the fe(Hlers should not be less than 
0 to H ]>(!!• cent., or greater than IH to liO ]>er cent., though 
even the latter is sometimes (‘xcecided, hut 12 to 15 per cent, 
are thcj usual gradients. The main shidge-roads are less steep, 
and H t<^ 12 per cent, are usual gradic'uts, but even a slight 
ascent cannot always be avoided in their case where a ridge 
LUIS to be crossed hedwecui two valleys. 

Ground timber- slides are used exhmsively in the eastern 
Schwarzwald; they maybe used also as sl(‘dge-roads chiefiyfor 
Lhe transport of logs. Tlmir gradifuit should lie generally 
between \) to 12 ]H!r cent,, and may go up even to IH per cent. 

A steady gradient is more micossary in the case of sledge- 
roads than on roads for wheoUul traffic ; in the latter case, 
now-a-days it is considered belter to vary the gradient, as this is 
less tiring to beasts of draught than a uniform gradient which 
always calls on the same muscles. 

(h) Breadth of Roads. — The breadth of forest-roads 
depends on the mode of conveyance used, and the amount 
of traffic. Main forest-roads should not be less than 18 to 
24 feet broad, if the traffic on them is not to be impeded, 6J 
to 8 feet being the width l)etween the wheels of a cart. 

The subsidiary roads need not have a greater breadth than 
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10 to 15 feet. The breadth of sledge-roads is still less, for the 
main sledge-roads 8 to 10 feet, and for the feeders 3 to feet. 
Road-slides may be 0 to 8 feet wide. All roads, however, wiiich 
are wide enough only for one cart or sledge, iiiiist have 
sufliciently wide places here and there for the return traflic to 
pass ; wherever logs are transported, the breadth of tlio road 
must be increased at all turnings, or where curv(5S nm round 
projecting roclcs. Otherwise logs must be fastened along the 
edge of the road on which the projecting ends of logs dragge<l on 
small sledges may slide. 

In the case of narrow sledge-roads with stetJp gradients 
passing with curves over precipitous ground, accidents are 
avoided by placing logs along the edge of the roail, that 
touch one another at their ends and are kept in place by piles 
or props. 

(i) Maintonanco of Roads. — Wherever there is heavy ti’alUc, 
roads suffer much damage, by the use of brakes, etc. ; in 
mountains the rain-water brings down silt and landslips, and 
may inundate the roads at certain points, .so that their surface 
is constantly being degraded. Continual prompt maintenance 
and repairs, improvements i»f the drainage of the road and 
lilling-up all holes and ruts are therefore necessary. Repairs to 
roads, oherefore, reipiire almost as much attention as their 
construction. The ciiief rule is not to allow any damage to 
get the up])er hand, but to commence repairing it as soon 
as the weather is dry. It is often advantageous to entrust 
the repairs of the roads on contract to trustworthy woodcutters 
[or to apprentice forest-guards, as in France {(janles canton- 
niers)^ who work themselves and also supervise the other 
labourers. — Tr. J . 

In many forests it is customary to place a bar across roads 
after the season’s transport is over, in order to protect them 
from extraneous traffic. The possibility of doing this depends 
on the nature of the forest-rights and other local circum- 
stances. As a rule, such a practice does more harm than 
good to the forest. Roads should be open to traffic, and the 
more they are used and injured by the traffic, the more 
^useful they are, and the higher the net-revenue of the forest 



WOOI> THANSPOUT BY LAND. 




]]. M()J)K of Conveyance. 

The conveyance of the coiiverted wood alonjjj roads to the 
collectin^^ or sale depots is effected either ])y men or beasts. 

(a) Conveyance by Men. 

Conv<iyance hy men is confined almost entirely to sJed^dng, 
which in transport, as oppos<id to clearance of the felling- 
area, takes jjlace on permanent sledge-roads. Only lirewood 
and scantling or hutts, hut not h)ng logs, may he thus trans- 
l)orted. in the case of sledges, it is imi)ossil)le to draw any 
sharp distinction between transj)ort and clearance, except that 
in high mountain-regions sledging bears moK! of the character 
of transport, and in lower hills, of clearance. From both 
l)oints of view the methods of sledging have been described 
already {]). 272). 

In forests of low hills and plains, no j)ermaneiit sledge-roads 
exist, and sledges are used only to convey the wood to the neai'ost 
cart-road. J n mountainous regions, however, there is no object 
in removing the wood merely from the felling-aj oa to the nearest 
road. It is a (piestion of transporting it for miles over permanent 
sledgii-roads down to the valhs^s to depots, or rafting-stations, 
at low altitudes; this implies a separate industry jiot always 
intimately connected with the felling oijeratiens. 

i. )yml(>r Sfvtlijimj. 

In most cases sledging is done over the snow, and the same 
kinds of sledges are used as in clearance of the felling-area {vide 
p. 271). Sledges used for firewood have high side-pieces, but 
for those used for carrying hutts, tlie loads are fastened by 
means of chains and ropes, and the sledges are longer, as shown 
in Fig. IBf), which represents a Bavarian timber-sledge. Before 
sledging begins, the wood is frequently piled-up in stacks, but 
usually the sledge is laden on the felling-area and brought 
down to the depot. Wherever sledging is done indepen- 
dently of the felling operations, and hy many workmen acting 
together, a certain order and uniformity in the o]>erations will 
be found very effective. Therefore, and in order to avoid 
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.the eoiiRtaiit intemiptions to the work, which Rledges ascoTul- 
^iiig and descending simultaneously w^onld cause, a large 
number of sledges are laden, and descend and ascend together 





wooi> 

ill many mountainous districts, as in the Alps and Vosges, | 
sledging is the usual mode of conveyance of wocS ; the work 
is commenced at the first fall of snow and continued as 
long as the weather permits. Huts built of wood or stone are 
provided in suitable places for the workmen, so that they may 
[ remain constantly at the work ; these huts prove useful also 
during felling (^rations. 

The loads which may be transported by a sledge vary with 
the size of the sledge, the skill and experience of the workmen, 
the gradient, the nature of the sledge road, and the distance 
^f the collecting depot from the felling-area. 

Much greater loads can be carried down regular sledge- roads 
I' than on mere hillside tracks. The load may be to 2 stacked 
||pubic meters, i.e,, 50 to 70 stacked cubic feet. This, however, 
^implies that the sledge-road is in good order and to secure this 
l^the W’orkmen have often to work several hours daily. The 
^ amount of wood a man can bring down in a day depends firstly 
on the distance traversed, and then on tlie condition and 
.^gradient of the sledge-road. With moderate and uniform 
' elopes and a good road, a man can bring down d to 5 stacked 
•^“cubic meters (100 to 175 stacked cubic feet) of firewood for a 
Idistauce of about 8 kilometers, say 2 miles ; or 10 to 12 
.^ftacked cubic meters (1550 to 120 stacked cubic feet) to half 
r that distance. The amount of work done is, liowever, reduced 
^;;where the gradient is veiy slight or excessive, as in the latter 
the return of the sledge is difficult ; also, where the 
l^radients vary so that brakes have frequently to be used. 


ii. Stunmer Slvdtjinfj, 

Sledging during summer takes place on the sledge road 
^oribed on p. 1)06, and both firewood and butts are thus 
pnsported, 

i In the forest of Barr, in Alsace, there are 24 kilometers of 
mmmer sledge-roads, the longest being 7 kilometers. These 
roads cost 48 pf. per meter (6d. a yard), and the round billets of 
iilver-fir and beech last ten years. Tlie cost of the transport of 
uel is 70 pf. per stacked cubic meter (2«. per 1(X) cubic feet) ; 
I to 5 stacked cubic meters (70 to 175 stacked cubi^, |elt) ol 







(P^dNVEYAl^dfc'ok ROADS.' 


31 :^ 


firewood form the load, or from 3 to 6 butts, according to the 
gradient. 

[In the Himalayan sledge-road referred to {)n p. 306, 
two men carry down daily 100 — 120 meter-gauge sleepers 
(64 ft. X 84 X 4J inches), whilst they could carry down only 
24 on their shoulders, the distance being 1 mile and 1 furlong. 
Twenty-five meter gauge or 15 broad gauge sleepers go to a 
load, the weight being about 1 ton. Plate III. shows the 
nature of the sledges used; they are 3 feet wide. — Tr.j^ 


(b) Transport by Beasts. 

Transport by the help of beasts is carried on with carts and 
sledges, and less frequently by dragging or by pack animals. 

i. Ordinorf/ (\irt Traffic, 

On a dry roadway the ordinary four-wheeled tim]>er-cart is 
used, and for firewood it must have sides, but for i)()Ies and 
middle-sized logs, these are not required. The w ood is secured 
to the cart by means of ropes and chains; and specially 
strong carts are used for large logs and l)utts. 

The mode of traiisi)ort by carts depends chielly on the quality 
of the roads, as obviously larger carts may be used on good 
roads than on bad ones. The largest waggons for firewood 
are used in the Schwarzwald, and often carry 30 to 36 stacked 
cubic meters of wood (14 to 17 tons). 

In carrying long logs, the front and back parts of the timber- 
cart are separated and the butt-ends of the logs are placed in 
front, their smaller ends being susi)ended under the axle of 
the hinder pair of wheels, so as to allow for turning at curves 
in the road. All timber-carts should contain levers, a screw- 
jack and the necessary chains. If the wheels are high 
enough, the log is sometimes hung under both axles, which 
saves the frequently laborious process of loading the timber ; 
and if, in such cases, in descending steep slopes, one end of 
the logs drag along the ground, it then acts as a brake. 

, Generally horses are employed in timber transport, although 
bullocks are very serviceable and replace them in certain 
districts on the Continent and in hot countries. 
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ii, Shlging with Br/tifls. 

After a fall of snow, Rleil;»eR laden with firewood luay l>o 
drafiS®*^ conveniently by a horse or bullock ; they arc larj’cr 
than the ordinary sledge, and have short horns and iwo shafts. 
For the transport of butts, short sledges are used. In many 
Alpine districts, horse-sledges are provided with a moveable 
frame (Fig. 188). In transporting butts the latter arc! fixed 
at their upper ends to the short sledge (Fig. 18!)) by cliains 
and nails, their lower ends sliding on the ground. If the 
gradient he steeii another butt is dragged behind the sledge. 
The brake consists either of a Inmdle of firewood attached 
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io a Hlun-t ciiain, or a pioco of plankinfj;, on wliicli iiio driyoi 
Blands. It may l»o the l)rake hIiuwii in IhO, on winch 
also the driver stands. The construction of Wasemneister s 
brake is seen from h'ig. 1111. 

Sledging hy the help of horses is followed extensively in 
the ]3avarian Alps, where the brakes just described are all 
in use. 

iii. Dragging hg JUmts. 

Dragging logs by beasts is often impracticable on ordinary 
roads, on account of the great damage which would ensue. 

iv. IJso. of Pack-cat He. 

In Germany the use of pack-cattle, mules, or ponies lor the 
transport of firewood or charcoal-wood, is limited to the Alps, 
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wh6re the wood which has been collected lies scattered over a 
large area. A horse carries only 2 cwt., while it can drag 7 to 

cwt. At the same time, 
pack-animals require 
only bridle-paths, which 
can he constructed and 
Jce])t in nq^air mucJ] 
more easily and cheaply 
than cart-jojids. 

[In the llinialayas 
the transport of firewood 
is carried on extensively 
by means of pack-niulos 
and ])onieH, in billets 



of boxwood by inuk‘.s. 


B feet long, and the cost of conveyance is 1 rupee (> annas 
per 100 stacked cubic feet per mile for oakwood, and 1 ’rupee 
2 annas for fir (Fig. 192).— Tr. | 


Section 1 1 . — Timueu-slii >es. 


A. C'ONSTUUCTION. 

A timber-slide is a more or loss permanent channel, either 
constructed of wood or excavated in the ground, and placed 
along a mountain slope; the wood descends by its own 
weight. Slides may be distinguished as wooden slides, ground 
slides, or roads used for sliding timber. 

1. )r(H>dca Slides. 

Wooden slides may be constructed either of butts or poles, 
or of planks. 

(a) Log or Polo Slides. - These are semi-circular channels, 
made of closely-packed poles, or logs, 4 to 12 inches thick, and 
are used for timber transixa*t. The pieces of timber used in 
constructing ordinary slides of this kind should be 16 to 26 
feet long, and the separate sections of which the slide is made 
are the same length as the pieces. The length of a slide 
is thus frequently described by the number of sections it 
contains. The channel has a width of 21 to 5 feet ; it rests 
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on strong wooden supports, which may be termed block- 
sleepers, and are made of different shapes. Owing to the 
great weight of the slide that naturally tends to drag it 
down-hill, this tendency being increased by the shaking to 
which it is subject whilst sliding is in progress, the block- 
sleepers must be supported by props on both sides to keep 
them steady. Only when the block-sleepers are sufficiently 
massive to preserve their own stability can these props bo 
dispensed with. The lowest section of a slide is made very 
strong to resist shocks, and is either horisiontal or incdined 
upwards, in order to moderate the fall of tluj wood as it slides 
down. It should I’est on strong blocks of wood driven into 



the ground, and the effect is to shoot the descending piece of 
wood upwards in a curve, so that it may fall without any 
great shock (Fig. 190). 

As a rule (Fig. 193), each section consists of six poles, two 
(a a) forming its base, two {h h) the sides, and two (c c) the 
edges of the slide. In curves, one of the pieces c may be 
omitted on the inner side. Where the gradients are very steep 
a second pair of poles (d d) may be added. The pieces of 
wood on the inside of the slide are all barked. 

The sections of the slide are joined together as shown 
in Fig. 194. The pieces a a fit into the groove of the 
block-sleeper (Fig. 195), the pieces h h rest between the 
former and pegs driven into the block -sleeper, and r c on 
these pegs and two others similarly fixed ; they are kept 
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in place by props (w); d d, when used, are similarly sup- 
ported. 

The construction of slides in the Black Forest is somew'hat 
different, as shown in Fijf. 19r>, wdiere all the poles, except the 
two lowest, are bored by augers, and ke})t in position by strong 
beech trenails. In some cases a ])lank is used for the bottom 
of the nlide. 

The tresthjs supporting the block-sleepei’s vary in height, 
according to the nature of the ground, or the block-sleepers 
may rest directly on tht; ground. 

In the Black horest and the Tyrol, the )>Iock-sleepers 
rest usually on round bilbds. 

Fi^. 1P7 shows the, mode of construction of the end-section 






of a slid(^, m being a plate of wrought iron, oyer which the 
descending i)ieces slide, and which, owing to its tslasticity, 
prox>els tluan upwards h{',for(‘. they fall. 

Slides intend(ul for the transport of logs must be constructed 
in a much stronger manner than those for firewood, and it is 
then chiefly tiio side-pieces {h and c) which must ])o strongly 
supported ; logs measuring one foot and one foot two inches 
in diameter and 50 to OO feet long may be used. 

The slide shown in Fig. 19B is used for logs in the Driften- 
thal, in N. Tyrol. It is sub-divided above into two branches, 
and is chiefly used for bringing down butts ; its strength of 
construction may be judged from the plate. 

When sliding logs BO to 00 feet long, it must be remem- 
l>ered that where the slide is of any considerable length the 
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logs shoot out from it with groat velocity, au<l to considerable 
distances, which may extend to 200 or 300 feet in the gently 



— lllack Kon'st siitlc. 


inclined foreground of the slide (in the Kulzkaininergiit and 
<»ilu‘.r pliices). 

ArrangfiinoiitH HoiiH^tiines have to be rnadts to reduce the 



Fifj. Hf7. — liOwer extremity of a slide. 


velocity of logs when Bliding, and a mode of brake for the 
purpose is shown in Fig. 11)9 ; as the log coming down strikes 
and lifts the brake, its velocity is reduced. Another plan 
is to lead an intermediate section of the slide upwards, 
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Fifr. liJH.—Slkle in N. Tyf • 

velocity in this change of direction and t>^*^ descends again, 
until it meets with another brake. 

[The largest slide of this nature bithei'to India is 

the Bakani slide, near Ohamba, in the Punj!^‘ is 12,539 
feet long, with a vertical fall of 1,650 feet,^^ average 

gradient of 13^ per cent. It is formed of of 
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various sizes, of which there are 4—6 in a cross-section, and 
generally they are embedded in boulder ballast; when the 
present working of the forest-block has been completed these 
logs will be removed and exported as tiniber. Where tiie lino 
is above the ground-level, the slide is supported on piles made 
as follows : — 

Two logs, about 8 feet long, are placed 10 feet apart in 
line with the slide, cross-wise on these are placed two others 
1*2 feet long, notches in their ends fitting into corresponding 
notches in the otliers, tlien two more longitudinally and so on, 
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Simply wedging together two vertical and one horizont 
p anke each measuring 13 feet X 12 inches X 6 inches, in 
wSlT?' ? ’^■'"'“l-gauge railway-sleeper 

LT the avera. 

2 m 9 or 22 per cent. Brakes formed of 2 and 
nch planks placed 16 feet apart were used to stop the velocil 
of the sleepers, but this proved of no avail and the slide wt 

i*n w-tt'''f®V“^°A'^,° sections, the steeper part being eovere 
in with planks. A little water was admitted to prevent th 
.ood tom Mmg dm, „hich mentuallj l„pp,„,a to Ihe ]„« 



Plank-slide8 are used extensively in the Black FovAKf Tf 
p ank slides are to he used for the'^export 
of timhei they must he constructed strongly, but when onlv 

own m Fig. 200. In this case the ends of the planks are 

i Zu’Sr “ ‘I’* “''-“14 

(c) Wet Slides.— The description of slides will be completed 
water-tight M possible, so as to hold a moderate stream S 
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As Fig. 201 showd, they are made generally with eight hewn 
poles, the sides . of wlt^eh fit closely, and the interstices are 
stoiiped with moss, with tarred tow, etc. 

[A wet slide in the Deota Forest in Tihri-Garhwal in the 
N. W. Himalayas .was constructed in 1876-*78, being 12,192 
feet long with a fill of 1,300 feet,, the gradients from 1 in 14 
to 1 in 2*.5, and the fet gr.adient l‘in 4. It consisted of a trough' 
composed of three planks (12 feet X 18 inches X 5 inches) 
roughly joined and firmly wedged into block -sleepers. Being' 
made of Pinus longifolia^ the latter only last 3 or 4 years, but 
should be made of deodar- wood, which is very durable in the hilhi 
districts of India. The slide is worked by means of a good 
of water, which is supplied by troughs at intervals of about a 



Fig. 20l.— -Wet slide. 


quarter of a mile, a good depth of water being required when 
the gradient is less than 1 in 3. When there is plenty of 
water, 1,290 railway-sleepers can be passed dow4 .in about 10 
hours, each sleeper taking ten minutes on its journey. Such 
slides cost about 16d. a yard in India.* Fig. 202. — Tr.] ;v; 

For short wet slides, where there is a plentiful supply of 
water, preference should be givenin their construction to merely 
hewn poles, instead of planks, as repairs are thus facilitated. 
Water is brought into the slide whenever it passes any stream 
or spring. In the Salzkammergut, planks are used in a similar 
way to the Tihri-Garhwal slide. In California, hundreds of 
miles of wet timber-slides have been constructed as shown in 
Fig. 203. 

* An account of this slide is given in the working-plan of the Tihrl-Qarhwal 
Forests by K. Hearle, publishc<l at Allahabad, for the Oovcrnmcnt of the N. W| 
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(d) Gradient, — Tlie amoinifc of gradient is a most important 
consideration in constructing slides. Too small a gradient 
renders a slide useless, with too great a gradient the wood 
, will leave the slide and great danger arises to any person 
who may he near at hand. The permissible limits are 
5 and h/j to 40 hut the way in which the slide is used, 


to 



:?02. — Deota sUicper isluU*. 

Uiiiwn by T. Maittii, ln*liaii Foiest Siinoy. 

and the size of pieces of wood to be brought down, affect the 
question. 

Thus there are dry slides, ice-slides, and wet slides. 

In the case of dry slides, a steep gradient is necessary, 
which may go up to 40 per cent, and more. 

[If, however, the gradient be very steep, the slide should 
be fairly straight, as, otherwise, the shocks to which it is 
subjected by wood coming down causes too much wear and 
tear. There is also always a danger of fire from friction in 
dry slides with excessive gradients. — Tr.] 
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As a rule, however, dry slides become slippery owing to the 
moist air, or may even conhiin a certain amount of snow, so 
that in such cases a lower gradient will suftice than if the slide 
is used when quite dry, as may be the case in hot countries 
with scanty rainfall. 

In the case of ice-slides, \vator is introduced into the slide dur- 
ing a frost, so that it becomes coated internally with ice ; a 
very slight gradient 
is then required. 

In wet slides, a 
thin stream of watcn- 
is necessary, and 
should he deeper the 
steeper the gradient. 

Besides depending 
on the manner in 
which a slide is used, 
the gradient will he 
affected also hy the size of the pieces brought down, so that 
there are slidcis for firewood, logs, or scantling such as raihvay- 
sleepers, and in the Alps, for billets tw'o to three meters long 
used for charcoal. 

Slides intended for bringing dow’n logs and butts must have 
lower gradients than those used for lirew'ood, as the former 
pieces attain a much greater velocity than the lighter pieces of 
firewood. 

The following gradients are usual: 

MatiTirtl TnuisiMjrtfd. j Dij slnl«’ j Wft It«>iiiiiiks. | 

: Pt'm‘nt(nje. j 

I ' ' 

Firc\v<M)(l ' 20 H.') ! <» 12 * s : r> per cent, is 1 in 2o. ; 

Logs ' ir>— 20 'A (J ' — I 

('harooal pieces ... i Midway between above. | 

Railway -sleepers ... j HO ’ - , 2 ~> [The data for railway- 1 

I I sleepers result from j 

j i 1 Indian exfieriencc. — ; 

' ! 'I’r '1 


In the case of dry slides, as already stated, the degree of 
dampness of the air, and the nature of the atmospheric 
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precipitationK affect the surface of the slide, and modify the 
necessary gradient very considerably. 

However desiralde it may be to give to each slide the most 
suitable gradient, the nature of the ground frequently renders 
this impossible, and the gradient is thus consequently greatly 
modified. As a rule, by using the sides of a mountain 
torrent, these slides run more or less directly down to the 
lower valleys, at whatever gradient the bed of the torrent may 
render practicable. Slight changes of gradient over a few 
sections of the slide must he avoided, however, by levelling the 
base of the slide, (utlna* hy cuttings, eni])ankments, or con- 
structing viaducts, so that the vertical section (>f a slide may 
represejit a gradual descent, and there sliould never he any 
decided angles hetwcMui two connected sections. [Plato IV. 
shows a slide crossing a mountain ravine in the Himalayas. 
■--Tr.] 

It is also necessary to secure steeper gradients in the higher 
portion of the slide than for the lower portion, so that the 
latter may morc^ and more approach the liorizontal direction ; 
the last few sections of it may (wen asctmd, and the longer 
the slide and the heavier the pieces to he sent down, the more 
this must he accentuated. As regards the horizontal plan of 
a slide, it should be straight or form a steady curve without 
sharp corners, especially for long logs. 

(e) Collecting-places for Wood. In high mountainous 
districts the configuration of the ground will not allow always 
of the construction of a continuous slide from the lofty ridges 
down to the valleys, and several transi)ort- works may be 
made, such as sledge*roads, slides, wire-tramways, etc., accord- 
ing to the nature of the ground in each part. In order to 
collect the wood coming down from one side to another lower 
one, a collecting-place may be constructed. It is barred with 
stout poles with side palisades and has an aperture below, 
into which the expanded upper end of the next section is 
inserted to receive the wood for the next stage of the descent. 

(f) Maintenance of Wooden Slides. — Wooden slides are 
either permanent or te^pporary, the former serving a certain 
forest tract for a series of years, or connecting a collecting 
depot high up in the mountains, to which the wood is brought 
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in sledges, with a lower depot in the valley. Such a slide 
must be constructed most carefully and strongly, the site 
for it well chosen, and the gradients very carefully arranged. 
Temporary slides are used in bringing-down wood from the 
upper to the lower part of a felling- area, or to a road, and are 
constructed in a much lighter and less expensive way than 
permanent slides. They may be made with portable segments 

(p. 822). 

The construction of slides requires a large quantity of wood, 
and this is further increased by the slight durability of the 
latter, for although slides may last longer in damp, shady 
places, and shorter on sunny aspects, yet they rarely last 
more than 7 years, and usually repairs are required after 8 or 
4 years. 

[In the Himalayas, deodar- wood is so saturated with oil, 
that its heartwood is practically imperishable in mountain 
districts ; timbers in bridges in Kashmir exposed to alterna- 
tions of damp and dryness have lasted for hundreds of 
years, so that very durable timber-slides may be made of 
deodar. — Tr.] 

As j>rogress is made in the construction of roads, slides 
become less important; at any rate, this apj)lies to slides 
several miles long, which were formerly bo prevalent on the 
southern declivity of the Alps, where the best constructors of 
slides are to be found. 

Shorter slides, however, intended to complete communica- 
tions over steep ground, are still employed extensively in the 
Alps and other mountain-ranges, and their use is increasing. 

2, Ground-slides, 

Ground- slides are tracks often found on mountain-sides, 
and are made either on the bare ground by the repeated 
sliding of logs, or artificially improved in various ways, so as 
to be fit for sliding. As a rule, a depression on a steep slope 
is selected, a line for sliding dug along it and pieces of wood 
placed on it transversely on which the logs may slide, other 
pieces being placed here and there along the edges of the 
slide to prevent the logs from leaving it. 
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In the Black Forest wet sloping meadows are used for this 
purpose, the line of the slide being bounded by logs. In the 
Alps the method of sliding along the ground often alternates 
with timber-chutes. Ground-slides are used for the transport 
of logs only. 

A ground-slide serves its purpose only when its base and 
walls are sufficiently firm and smooth ; therefore all stones, 
roots, etc., must be removed, intervening rocks blasted, the way 
improved here and there by laying down transvei'sc pieces of 
wood, while h) th(5 more difluMilt places which have to he 
traversed short wooden slides are consiriuded to complete the 
work. 

It is evident that ground-sli<les cannot In^ maintained in 
workable condition for any prolonged huigth of time. If they 
have no rocky subsoil they arc torn-up soon hy drainage ^^aler, 
and may become huided in silt, gravt;!, and otlua- debris. 

Sometimes a wire rope is fastened to th(‘. logs whilst they 
descend a ground-slide. A rope is coiled round a windlass at 
the top of the slide so that as a log goes down attached to one 
end of the rope, the other end is wound round tlu^ windlass 
ready to be fixed to another log as soon as the former has 
reached its destination ; often Ihna^ or move logs are fastened 
one behind the otlu'r, and go down togelluu'. The windlass 
works with a simple brake arrang(“ment. The logs may bo 
jdaced in trucks and these let down a tramway by the ro])e. 

Although ground-slides should possess sleep gradients, yet 
if they arc used when covered with snow or frozen, the 
gradient need not exceed *20 to 25 per cent., especially when 
they are well construcbHl and bounded by logs placed laterally, 
for in such cases descending logs soon attain a very high 
velocity. 

3. l{iKi(hsli(fcs. 

In some valleys leading from the Black j'\)rest, especially 
those of the Wolf and Kinzig. regularly constructed roadways 
are used for sliding logs and sledging, as shown in Fig. 204. 

It })as been laid down already on [). 308 that roads when 
used as slides should have gradients of 9 to 18 per cent., and 
more, and should be steepest above and become gradually level 
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below. Although slides should be as straight as possible, and 
free from sudden curves and angles, this principle may be 



Fig. 204. — lilack Forest road-slide. 


departed from if the direction of the slide has to change 
suddenly. A barrier is then erected at the end of a section of 


830 pw tet hmm; 

the slide at which the downward section begins, and the log, 
after striking against the barrier, rolls into the lower section^ 
(m, «), and continues its descent as shown in Fig. 205. 

[A similar turning was effected in a fuel sledge-road near 
Chakrata, N. W. Himalayas, by using a large cart-wheel 
set on a pivot as a turn-table, on which the direction of the 
sledges was changed. Fig. 206, show a Japanese method 
of changing direction in a slide.— Tr.] 

The upper end of a slide is generally somewhere near the 
felling-area. Its lower end should lead to a plot of land 
sufficiently spacious for the material brought down to be 
collected and sorted. In order to manage this better the 



Fip. 20ri. — Change of direction in a slide. 


slide may be divided lielow into several branches. In any 
case, it should terminate above a cart-road or stream used 
for floating. 

Once the logs which are to bo transported are brought by 
any means whatever to the head of the slide, they are used to 
fix its sides, commencing at the top; being placed along the 
outer sides, or on both sides, of the roadway, supported by 
pegs either through the logs or outside them, and at such a 
distance apart as to allow for the easy passage of a sliding log 
between them (Fig. 204). In order to prevent descending 
logs from jamming, the distance apart of the boundary logs 
should be greater on curves than on straight sections of the 
slide, or the inner side of the slide may be left free. On the 
^tside of curves it may also be necessary to put two or three 


m 

toniidary logs one above the other, in order to prevent the 
sliding logs from leaving the slide. In mountain-regions 
transport on road-slides deserves more attention than has 
hitherto been bestowed on it; it wastes no wood, is very 
expeditious, for with a length of 2,000 meters (IJ miles), IOC 
to 300 logs may be brought down in a day, and the roadway 
may be used also for sledges. Sliding on roads is therefore a 
highly practical method where cart-traffic is impossible. 



Fig. 206. — Change of direction in Japanese slide. From a Jap. State publication. 


Koad-slides are now used in Austria, Galicia, the Carpathian 
mountains, and in the Salzkammergut. In Hohenashau, 
in the Bavarian Alps, the ordinary sledge-roads are used in 
winters without much snowfall for sliding 8-meter logs. They 
are also used in Franconia, but there only on snow or ice, 
the transport being chiefly confined to butts for saw-mills. 

4. Mode of Transport on Timber-slides. 

The mode of transport of wood on slides is very simple, and 
depends on the construction and purpose of the slides. Besides 
» launching the logs the requisite labour-force is employed on 
maintenance of the slides. 
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(a) Wooden Slides. — The chief object to be sev.«.^v. 
maintenance of wooden slides is to get as smooth a surface as 
possible. This may be secured by watering the slide during 
a frost, so as to got a smooth, icy path ; by using the snow 
which lies on the slide, removing most of it and pressing- 
down the remainder ; in wet slides, by using all available 
water ; or generally, by keeping the slide free from dirt, dead 
leaves, etc., and using it simply as a dry slide. 

Slides are used chiefly during winter or early spring, partly 
on account of the ice and snow, and partly because the wood 
must be brought down then, so as to bo ready for floating 
when the water rises in the streams in the spring, dry slides, 
however, may be used throughout the summer. 

Whenever, owing to slight gradients of 5 to fl %, ice-slides 
must be used, a good deal of labour is involved in watering, 
one man being recpiired to water and look after every 40 or 50 
sections of the slide. Sliding then is often done at night, 
when the work has been prolonged into si>ring, and frost 
occurs only on clear nights. For the most part slides are 
used either covered with snow, or dry. The work then con- 
sists in removing superfluous snow which may liave fallen 
during the night, and in thoroughly freeing dry slides from 
pieces of bark, wooden splinters, etc. 

Owing to the jn'olonged use of thoprinci[)al slides, the bottom 
pieces get woi n away, and pieces to replace them when 
necessary should always he kept at hand. During the work 
of sliding, the logs and other pieces of wood which have been 
collected at the top of the slide during winter, are thrown in 
piece after piece, or they may be launched as they arrive 
at the top of the slide. The work of sliding is done generally 
by contract-labour. All the wood should be round, except in 
slides specially made for railway-sleepers or other scantling, 
and logs should bo barked. In clearing the slide of dirt, etc., 
the men ascend wdth climbing-irons on their boots. 

In all slides, effective means should be assured of warning 
men below who may be repairing the slide, before any wood 
is sent down ; also when sliding has been temporarily stopped 
and the woodcutters have gone to fetch more wood, the men 
below should be signalled to continue their repairs. 
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[In the Tihri-Garhwal railway-sleeper slide, a wire for an 
electric bell at the top of the slide was provided along the 
line, and men were stationed at intervals, so that if by any 
chance the sleepers jammed, the men above might be warned 
to stop sliding any more sleepers till matters had been set 
right below. — Tr.] 

In the case of temporary slides, as soon as all the wood 
lying at the slide-top has been launched, the pieces which 
have stopped on the way are sent down, and then the pieces 
of the slide itself are taken up one by one, and sent down 
the remainder of the slide. Usually the slide leads down to 
the stream used for floating, into which the wood falls, but 
if the logs fall on to the ground at the end of the slide, 
one or two men must be there to roll them out of the way 
of the succeeding logs, which might cause breakage if they 
fell on other logs. All this work is very dangerous to people 
who may be anywhere near the slide, and the workmen must 
be exceedingly careful to avoid accidents. Sometimes, for 
instance, a slide crosses a footpath or cart-road, or there 
may be interruptions in the slide, or difficult places with 
insufficient gradient, etc. At all such places men must be 
posted to warn passers-by of danger, and to expedite the 
logs, etc., which are descending. 

(b) Koad-slides. — In the transport of logs by road-slides 
men must be posted along the slide ; they should place fresh 
transverse pieces under the logs which are sliding- down, or 
remove some of these pieces, according to the rate at which 
the logs descend. They should also repair the roadway, where 
any damage has been done, signal to the men above and, 
below them, and generally expedite the work. On such slides 
only one log descends at a time, and as soon as it has arrived 
at the bottom of the slide a signal is given to launch a fresh 
log, which three or four men effect at the top of the slides 
with krempes, 

Koad-slides with gradients of 8 — 12 % Can be used only 
in winter. With a gradient of 12—50 % they may, how- 
ever, be used in summer, and the logs always descend 
butt-end first, the ends of the logs being rounded for the 
purpose. 
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Section III.™ Porest-Tiiamways.* 


Jt is only during the last twenty years that iron tramways 
have been used in forests. At first, forest- tramways were 
constructed chiefly of wood, of which those by Leo Presti, 
von Lippert and improved kinds in Austria-Hungary by 
Egetz, are the best-known. 

Decauville’s portable railways, which were used in Prance 
for agricultural purposes, have proved thoroughly adapted for 
timber-transport, and have found many imitators in Germany. 
Although there may be differences of detail in the various 
kinds of tramway in actual use, yet the chief points to be 
secured are easy transportability of the plant combined with 
strength and solidity of construction. 

Monorail Tramways are used in America, and in 1898, 
de Coulon constructed a monorail tramway from the forest 
of Neufchatel in Switzerland.} There is also a system of 
conveying ti ucks on a strong level wire, supported by trestles, 
where the motive power is supplied by a stationary steam- 
engine. 


1. Kinds oj Tramicatis used. 

If forest-tramways are to be thoroughly useful for timber- 
transport, they should start from the ordinary country lines 
of communication, and penetrate along the main and subsidiary 
forest roads into the interior of the forest as far as the felling- 
areas, and even up to the individual felled trees. 

It follows that some of the lines should be permanently 
constructed, that a second portion should be more or less 
portable, and that those sections of the tramways which reach 
the felling-area should be of a light portable nature. 

It is evident that in certain cases the line cannot be continued 
up to the felling-area, whilst in other cases the portable parts 


* llunnebaum, “ Die Waldeisenbahneii,” Berlin, 1S86 
- Indian Forester,” Vol. YIL, im, p. 244. for an acgount of a forest-tramway 
BS^ at Kottenforst, near Bonn, by Sir D. Brandis, K.CM.E., and Colond 
Bailey, K.E. Also cf. Mathey, “Exploitation des Bois,” Vol I wK«i«a 
I s a very detailed account of tramways. ’ * ’ 

T The Monorail Portable Railway Co. (Caillet's Patents), 22, 23 Lawrence ■ 
^nntney Lane, Cannon St., London, E.C. ’ 
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of the tramway communicate directly with the permanent 
way, and the half-portable portion is not recpiired. In fact, 
all lines do not include the three kinds of tramway already 
mentioned. 

2. Mode of Constriu^tion, 

This includes laying-out the road, the rails and sleepers, 
the rolling-stock and apparatus used for loading the trucks, 
(a) Laying-out the Road.— Ordinary forest-roads will suliioe 



Fi}?. 207. — Hail. Fig. 20S. — Iron sleeper. 


for the main tramways and the half-portable way. They 
should be as straight as possible, and there should not be 
much range of gradient, which may reach 8 or 10% though 
moderate gradients from 0 to 6 % are preferable. The sharpest 
curves should have 60 to 100 feet radius. 

For the main and secondary lines, earthworks to improve 
the gradient cannot be dispensed with, but the portable 



Fig. 20y.— Portable pair of rails. 


portions of the railway must run according to the lay of the 
ground. 

(b) Bails and Sleepers.— Flange rails (Fig. 207) of the best 
Bessemer rolled steel are used. Transverse sleepers only are 
used. For the main lines wooden sleepers are used, but for the 
portable portions of the line steel sleepers (Fig. 208) are required, 
and these sleepers are strongly and permanently united to 
a pair of rails, constituting a section as in Fig. 209. The 
rails are 6 to 8 meters long in the main lines, but only 2 meters 
long on tlie portable lines, and a section must not be heavier 
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than a man can carry (Fig. 210), i.e., 35—45 kg. (76— lOOlbs.). 
Whilst on the main lines consecutive rails are fastened 



Fig. 210. — Laying the lines. 


together by plates and bolts, in the portable portions they 
must be attached so as to link and unlink with one another 



Fig. 211.— f astening for the rails. 


quite easily, as shown in Fig. 211. This costs sixpence a 
meter cheaper than the usual method of fastening rails, 



2\2.— JuucUott two Imea. 


while the cost of maintenance of the portable lines in 1900 
was 46*6 % and in 1901 35*9 %f of the cost of permanent lines« 
Bieran, at Schizmede in Elsars in 1898, gave up sleepers 
i^d laid heavy steel lines 9 meters long and weighing 16 kg... 
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"(36*2 lbs.) directly on the road. The rails were screwed 
together every 1 to meters by tension^ rods and joined 
Jongitudinally by strong lappets.* 

As regards the gauge, experience shows that for main lines 
70 centimeters (27 inches), and for portable portions 60 centi- 
meters (23 inches), are most suitable.! Junctions on the main 
lines are effected'by a combination known as switch and points, 
a description of which may be seen in Dempsey’s Practical 
Bailway Engineer, but on the portable lines a junction is 
effected more easily by means of a curved section placed over 
the rails, as in Fig. 212. 

[Brandis states that at Kottenforst, wooden sleepers are 



Fig. 213. — Truck for logs. 


preferred even for the portable portion of the railway as not 
liable to bend on uneven ground. Two kilometers (1 J miles) 
of branch- railway may be laid by two men in a day. With 
two wooden eleepera, one at each end, a section weighs 38 kilos 
— 84 lbs., but the rails must be heavier than when more 
sleepers are used, 8 kilos per meter. — Tr.] 

The main lines might be constructed in similar fashion to > 
the portable lines, but in their case the rails are 6 — 6 meterft 
long, instead of only 2 meters, and the sleepers 80 centimeters 


ohne Schwellen, Allg. Ft. u, Jd, .Zeituitg,! 
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p cable sections, so that two men are required to lift each 



section instead of one man Tt ia nia,. ,i 
»“ «Wl»™ for Ihomam liJ,, <« 



for transport, must, though strondv hmif i ■• , 
I'possible. It is clear that these trucks must b! “ ' 







i 




Ip to 7% and without steam-power, as they have to be dragge^ 

back to the felling-area by horses; as far as possible the^! 
should be made of wood. 

The trucks are constructed below like ordinary railway- 
bruckfl, but they support a revolving horizontal plate furnished 
with an iron crescent-shaped support, or a horizontal bed with 
inclined arms, on which the logs rest as shown in Figs. 213, 
214. These revolving plates allow of a log resting on two 
trucks being taken round curves. Each truck is provided with 
a brake, and different kinds of brakes are used. 


For the transport of firewood the revolving plate is 
not recpiired, but the truck forms a platform at its sur- 
face, and uprights are supplied on both, sides to support 



Fig. 219.— Windlass for lading. 


the wood. Evidently the transport of logs can be conducted 
only by means of two trucks; firewood also may be piled 
on two trucks over two scantlings placed longitudinally 
(Fig. 214). 

(d) Apparatus for Lading the Trucks.— In using forest 
tramways all suitable mechanical appliances for saving labour” 
^ould be provided. Although in lading trucks with poles' 
and other light pieces manual labour alone is required (Fig. 215), 
cranes are supplied for lifting logs on to the trucks. Fig. 216 
^represents a special tripod crane, Fig. 217, a double crane 
capable of lifting 4} tons, which may be separated into two 
parts for convenience of transport and Fig. 219 an improved 
timber-loader constructed by Haarmann at the Osnabruck 
isteel works. [This is said by Brandis to be the safest method; 
lor the workmep,— Tr.] Finally, Fig, 218 shows an improved! 


Windlass, which is very effective, the method of loading by 
means of it being shown in Fig. 220. 

How useful it is to have recourse to machinery, in case of 
extraordinary demands on labour, was seen in 1891 and 1892, 
in Brannenburg in Upper Bavaria, when thousands of large 
logs from trees killed by the “ Nun ” moth caterpillars in the 



Fig. 22n. - Mclhcnl of 

Ebersberg Forest were laden on to trucks by a steam-crane 
as shown in Fig. 221. 

By means of one of these cranes the log is raised high 
enough for the rails to be laid under it, and the trucks 
pushed on to tliem, when the log is lowered and fastened 
by chains on to the trucks. Heavy logs must be laden by 
means of cranes, and only smaller ones by the use of levers. 

: |n the case of firewood there is no difficulty in loading thO; 

i^irucks. ; 

cost of 6 miles of tramway (4 main lines and 1 J ®ttii^ 
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branches) at Jiottenforst, rolling-stock, loading apparatus, and 
laying-down 4 miles of main line, in which £40 was spent on 
earth-work, was £‘252 per mile and it is estimated to last foi 
15 years. — Tr.] 

8. Mode of Transport. 

A distinction may be made in forest-tramways according to 
the means used to work them: merely utilizing a down-incline 



Fig. 222. — Use of brake. 

of the line of road ; dragging the trucks by means of horses 
or men, or finally by locomotives. 

Where the incUne of the roadway is used, there must be a 
fall in it of about 3 to 4 %, and the trucks must be provided 
with suitable brakes. The empty trucks are dragged back by 
horses and less frequently by men. This method is employed 
for short distances wherever the ground is suitable, and is 
represented in Fig. 222. 
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Hones are used on nearly all branch-lines which are conv; 
Jructed in level land, even when of quite a temporary nature. 
The horses do not pass between the rails but alongside of them • 
ihey are accompanied by drivers and other men, especially when 
wveral trucks are united so as to form little trains (Fig. 214), 
Brakes are always required. 

At present on the main lines, as in Elsass (Schirmeck. 
Uberschweiler), also at Kchneegatten in Upper Austria, loco- 
notives are used almost everywhere, unless the lines are 
. £ry short. The locomotives are small; in mountainous 
; forests specially constructed, light, mountain-locomotives with 
, 8 axles are used, which can travel on curves even with a 
• radius of 25 meters (HO feet ). In this case the brakes must 
mill!? ” ^'*0 waiu line is of the ordinary 

of different lengths, as in the forest of Ebersherg, where 190 
truck-loads leave the forest daily, the total annual yield of the 
forest in timber being 45,500 truck-loads. 

loading of the trucks is effected hy rolling or sliding 
for foading are used, and wherever the timber is transferred 

Xn ”“•» »• 

Whether the construction and working of a forest-tram- 
way IB best undertaken by the forest management or by a 
contractor, is a question which cannot be answered in a 
^neral way; the nature of the locality, volume of wood to 
be transported, leiigtli of the lines, greater or less delay 
,^I«nenced m clearing the felling-areas and several other 
.lactors, intervene. Circumstances differ materially in the 
pase of tramways which are at present being worked. In 
pneral, except in the ease of railways of the ordinary gauge, 
experience has shown that it is more economical to con- ' 
Jtruct and work the lines directly, and not hy contract; 
tins 18 -quite independent of the advantage to the forest- 
bwner in having, in the former case, more freedom in the 
management of his forest. 


Mam lines in complete unison with the ordinary railway 
|8tem of a epuntry should be constructed and managed 
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railway engineers. Thus the 12 kilometers (7^ miles) 
of railroad in the Ebersberg forest were constructed very 
rapidly by the 1st Pioneer battalion from the Munich 
Garrison. [Forest- tram ways are used in A^ssam, tlie Punjab, 
and other parts of India.* — Tr.] 

4. Statistics, 

The nineteenth century was characterised chiefly by great 
improvements in machinery and a consequent complete revolu- 
tion in the means of transport and communications. Forestry 
should therefore march with the times, and improve the means 
of transport in forests which are difficult of access. It is a 
great mark of progress during the last 20 or 80 years, in such a 
conservative industry as forestry, that a consid(u*able extension 
of forest-tramway has taken place. 

Dozens of forest-tramways have been constructed in Ger- 
many during the last ten years, and there is scarcely a German 
province in which either a permanent or temporary tramway 
is not being worked. The first steps in this direction were 
taken in North Germany, in the different Prussian and Saxon 
provinces, and South Germany has followed suit, partly owing 
to the enormous volumes of timber following the great destruc- 
tion of forests by insects, or storms, in Houth Davaria, the 
Vosges Mountains and Wurtemberg. The oldest forest- tram- 
w’ay is that of the Sililwald, near Zurich (Fig. 230). 

The most important forest-tramway hitherto made on level 
land in Germany was constructed in 1889—92 to remove the 
enormous volume of timber (4 million cubic meters, or 2J 
million loads) which had been killed by the ** Nun ” moth 
caterpillars, in the forests of Ebersberg, Perlach, Sauerlach 
and Forstenried. This tramway consisted of 12 kilometers 
(7J miles) of main line of the ordinary gauge, from the rail- 
way-station of Kirchseeon, passing through the middle of the 
Jevastated forests, with 40 kilometers (25 miles) of branch- 
lines, a gauge of 60 centimeters (say 2 feet), and 27 kilometers 
[17 miles) of portable lines which passed right up to the 

'r> “ Indian Forester,” Vol. XII., p. 349 gives an “account of the Ohangamanga 
in the Punjab. 
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ailing-areas. The construction of tliis tramway was com- 
Qencecl in August, 1890, and it was opened for transport by the 
>eginning of December of the same year, but has now been 
emoved entirely. The most recent level forest-tramway is 
hat 15 kilometers long at Eheintessen from Sprendling to a 
lepot on the Itiver Main. This depot covers an area of 1‘2J 
icres and affords convenient quays for lading boats with 
limber. 

The forest-tramways in the (Jerman Vosges near Barr, 
Uothau and St. (Juentin are the most important mountain- 
Lramways hitherto constructed. Owing to the nature of the 
locality, consisting of narrow winding valleys, fre(piently with 
steep gradients, many diniculties were encountered during the 
constimciion of these tramways, and deep cuttings, viaducts, 
bridges and double curves are frequent. Thus, the Schirnieck 
tramway, 40 kilometers long, with a gauge of 70 centimeters, 
and worked by locomotive power, ascends 501 meters (1,()12 
feet). The hraiich-liiies of similar construction to that of the 
main line are 10 kilometers long, with a maximum gradient of 
7*14%. 

[In the State forests near Schlettstadt on the river 111, in 
Alsace, that are liable to inundations and where the con- 
struction of roads is very costly owing to the spongy nature 
of the ground, short portable tramways are used to transport 
the heavy oak and other timber to llie hanks of the III. Tr.] 

For a discussion of the value and suitability of forest-tram- 
ways, as compared with other means of transport, the reader 
is referred to p. 430 of the present book. 


Section IV. — W irk-Tram ways. 

At the end of 1850, the first wire-tramways of the simplest 
kind were erected in order to convey bundles of firewood and 
faggots weighing up to half a cwt. down precipitous hillsides.. 
A stout iron wire was used for this purpose, which descended 
the valley with a gradient of 25 -80% and on which the 
transported material passed hanging by a book, or a twisted 
withe. 

This simple arrangement has led more recently to continual , 
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" imp^veInent8 at several places in Switzerland, the Tyrol 
and Germany, with the object of transporting larger pieces of 
wood, and especially logs and butts for sawmills. At present 
there are two kinds of wire-tramways, those with one or two 
wires. 

1. Double Wire-Tramirays. 

These consist of two wires about 3 centimeters or 1 inch 
thick, each of them composed of a wire-rope made of (*> strands 



Fig. 22B.— Guiidlischwaiid wire-tramway. 

of wire closely twisted round a hempen cord and extending 
without supports from the top to the bottom of a declivity. 
)ne serves for the descent of laden cars, and the other for the 
iscent of the empty ones. The upi)er ends are fastened to' 
arge trees and run over a pair of iron rails, which are curved 
lownwards in front (Pig. 223). The lower ends are wound 
round horizontal cylinders, which can be turned by means of 
evers and cog-wheels, so as to stretch the wires (hig. 224). 

The log which is to descend the wire, is suspended from it 
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: by chainB irom two wheels {a a Pig. 225) running on the win 
and kept at a suitable distance apart by a rod (h) Thii 
armngernent is termed a truck. Were the laden truck lef 
to itsel , It would descend witli constantly increasing velocity 
down the wire, and smash the wood and itself at the end of iti 
course. In order to prevent this and control the course of th« 
track, a second and more slender wire {S Pig. 225) is attached 
the rod (5), and is wound round two rollers at the upper end 
of the tramway, so that the track may be let down and drawn 


■■ / ' y’ 





224. Iahvct fiul of a wire tramway. 

The wire-tramway at Giindlischwand in the Grindelwald 

14,000 feet long), and the wires hang quite freely without any 
support at an angle of about 26 degrees. Another doubll 
ffire4i-amway has been constructed in the forests of the Count 
)f fetolberg-Wermgrode. It differs from the preceding one 
.owing to Its moderate gradient and because the wires are 
^supported at several points by bent iron rods (Pig. 226) 
.attached to horizontal poles (i») supported by trestles. 

226, (d) is the wire ami x.. 


wibb-teamways 


tramway is supplied with a special windlass for dragging 
: dogs up to it from distances of 200 meters by means of a wire. 



Tnu'k for wirc-traraway. 


The Prince of Bchwartzenburg has similar wiie-tramways in 
his forests in I3()liinerwald. Tlie largest wire-tramway of this 
class is at Roveredo, and is 5 miles 
long. 

[In the Banisu wire-tramway in 
Tihri-Garhwal, in India, described in ^ 

“ Indian Forester,” August, 1897, page A 

283, there are 3 spans with a total ^ M 

length of 1,825 feet, used to connect W a 

two sledge-roads, Bullivant’s patent 

steel |-inch diameter wire-rope. Two ^ ^ ^ 

spans (634 and 482 feet) single wire, 
other span 759 feet, the steepest, 
double endless wire running round 
two drums with vertical axles. Oak 
' saddles are used to support the 
sleepers as they reduce friction, 

;; Tension applied by means of rough 
winches. The double wire works 221 ;. -Tmck. 

■ best, and 250 sleepers per diem were 

Icarried, but after 20,000 sleepers had been passed down, wear 
tear was so great, that carriage by coolies at 8 pies 



(FOOD TRAN8I>OBT BY UNd}* 




"“"ever, me construction of it 

8 pies. The gradients are 26 and 27 deffreea • 
wire and 31J degrees for double wire.-Tr.] 

2. Single Wire-Tramways, 

In single-wire tramways, the laden and empty trucks trave 
at the same time on a sintrle wii-« • ^ 

tion is similar to that of the donli'ln • * '7*^ ^ construc- 
peculiarity in this easo beiim n ti'amways, the only 



Fi^r. 227. Transfoi station. 

To «llow for Ibo iKullblii, of u,i,, „ j , , 

tt. «r. a,. a,„j. of 

trftn8f6r-strttion is as follnwa • a i 

«o . .»II,.i<ll„g lit,. a„ a . . 0 - . 

^ r.£ 

[Wles {c d) which serve to support it, a rod (e c d f) for the 
mssage of the empty truc-b. The part of this (. c), foin Jt 
he remainder by a hinge at (r), has also a counterrise so 
hat It remains parallel to the wire unless pressed-down hvth 
might of the truck, (c d) is fixed parallel to the wire and W n 
» also jointed at (d) and meets the wire at f n. t ^ 
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truck B on reaching (/) ascends i,f d) and passes from (d) to 
(c) whilst the laden truck passes under it, and then rejoins the 



wire hy pressing down (r /*). The laden tiuck .1 on leaching 
( / ) lifts lip (d/) and passes on its way. 

The first single wire-tramway was constructed in Schliereii- 



Fig, 229,— Truck. 

tlial near Alpnach, in Canton Unterwalden, in Switzerland, it 
has a length of 2,100 meters (1 mile 3 furlongs) and is sup- 
ported at numerous points, with a gradient of 35 It di ers 
the tramway just described by the fact that the wire is 
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upporfced at the end of horizontal rods to which it is fasteneil 
>y plates and bolts, so that the wheels of the truck may pass 
reely over it (Fig. 228). The iron rod of the truck supporting 
he log is also bent outwards (Fig. 229). 

Single wire-tramways have been constructed in the Salzkatia- 5 
nergut, in Carinthia, and other places on the southern declivity 
)f the Alps. In Canton Tessin, Switzerland, there are 141 
iouble or single wire-tramways. 



Fig. 2SO,*— Forest-tniiDway iu the? Sihlwalcl. 
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CHAPTEK IV. 

WOOD TRANSPORT BY WATER.* 

Transport of wood by water consists either in floating 
logs, scantling or firewood, piece by piece, down streanis, 
or ill rafting them, after they have been bound together 
in rafts. 

This is the oldest form of transport known, and is referred 
to in the Bible in 1 Kings v., when Bolomon rafted large 
cedar logs from Tyre for the construction of the Temple at 
Jerusalem. In the lioman provinces of Germany, only logs 
were floated, the floating of firewood being a more recent 
industry. At jiresent, timber-transport by water is carried 
on more or less in many streams, especially in mountain- 
regions where it is most highly elaborated. 

Section L — Eloatino. 

Under this section the floating of single pieces of wood to 
their destination will be discussed. 

The section describes the natural suitability of any 
stream for floating ; artiflcial improvements of streams ; 
erection of the works necessary for the maintenance of a 
proper supply of water and for catching the wood at its 
destination, and the methods employed in floating wood. 

All streams cannot be used for floating wood : thepr may be 
too weak or too strong, with too narrow or too wide beds ; 
they are sometimes too winding ; bad banks, rocks, boulders, 
etc., may interfere with the floating in an otherwise suitable 
stream, or floods may effect serious damage. In the most 
favourable cases similar protection must be afforded to the 
floating-channel, as to a stream driving water-mills or other 

* There is very little literature about water-transport of wood. The best 
German works arc — Forster ; “ Das forstlichc Transportwesen.” Vienna, 1885. 
Berth, ** Die Geschicte der oberen Kinjsig.” 1895. 

A A 
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hydraulic works, and manual labour is required to conduct 
the floating. Hence floating has become a highly elaborate 
undertaking, in the carrying - out of which many costly 
constructions and protective works are needful. ^ 

1. Conditions necessary for Streams to he Utilizahle. 

Independently of artificial improvements which may be 
effected, a watercourse used for floating timber must possess 
certain natural peculiarities, depending on the direction, 
power and fall of the stream. The direction must eventually 
lead to the timber-markets, however much the stream may 
wind on the way there. Not unfrequently artificial channels 
are cut in order to shorten the course of the stream. 

The minimum width admissible is the length of the logs to 
be floated, as, unless they have room to turn, constant blocks 
will occur during floating. Only in the case of artificial 
floating-channels, where the banks are (piite smooth, and 
butts foi saw-mills are floated, may tlie width of the stream 
be less than the length of the logs. 

The maximum width of a stream used for floating depends 
on the possibility of securing and extracting all sunken wood 
by means of ordinary appliances. Even with the best 
management some of the heaviest logs will sink, and this 
sunken wood is either carried along the bottom of the stream, 
or sticks in holes in its undermined banks. In very broad 
streams sunken wood cannot be guided to the shore or other- 
wise secured. Hence, unless the logs are being rafted, the 
breadth of streams used should not exceed that of a large 
brook, or small river. 

The depth of the water is also an important point; this 
should be sufficient to float w'ater-logged timber which will not 
quite sink, without danger of its grounding on the bottom of 
the stream. Long and slowly running streams should be 
deeper than rapid streams, which carry the timber better 
where the distance for floating is short, and there is, there- 
fore, less chance of the wood becoming water-logged. When 
large, round timber is floated, a greater depth is necessary ' 
than for poles and split wood, which aro AftniAr enaf 
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r When thoroughly dried, all woods indigenous to Northern 
Europe will float, but heavy, broadleaved species lose this 
faculty much mct^-e quickly than coniferous wood; so that 
while the latter may be floated in the round for great 
distances, this is not possible with the former. [Of 
coniferous wood, that of pines and cedars rich in turpentine 
floats much longer than that of s[)ruco and silver- fir. 
Experience in India has proved this fact. — Tr.] Gene- 
rally water-logged w’ood floats vertically. Tiie best de])th 
for floating coniferous logs and split pieces of hard- 
wood is one and a half to three feet, as then the work- 
men always can wade into the water to secure the sunken 
wood. 

There is no necessity for any uniform fall in a stream, and 
most streams used for floating timber vary greatly in this 
respect. The best fall is 200 to ^o, then the wood descends 
rapidly and is guided easily by the workmen ; there is also 
little wear-and-tear owing to the pieces dashing together or 
against rocks, that may also cause continual blocking of the 
stream and necessitate severe labour to set the logs floating 
again. Floating, however, has to be undertaken frequently 
with a fall, less or much greater than the above. In the 
latter case, cascades have sometimes to be passed, and much 
timber is lost. 

Rafting can be done with much less fall, and artilicially- 
constructed or improved rafting-streams have falls of only 
UOiji to :|oO* 

The last point to be considered in the practicability of 
a stream for floating timber consists in the possibility 
of damming its tributaries artificially, so as to collect 
temporarily a much greater head of water than it usually 
holds. 

There is much periodical variation in the amount of water in 
a mountain-torrent, and sometimes a formidable, destructive 
torrent may be seen where a few weeks later there will be 
merely a little thread of water. In other cases a stream may 
be always too low for floating, but by collecting the water of 
its tributaries, enough water may be obtained to float down a 
If^eep of logs. 
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2. Improvement and Maintenance of Watercourses for 
Floatinfi Wood, 

No watercourse is constantly lit for floating without some 
artificial improvement, but all streams are not susceptible of 
the same amount of improvement ; in many cases the low 
value of the timber to be floated will not allow of much 
expenditure at a profit in this direction, and sometimes the 
forester has to put up with the mere maintenance of the 
natural state of a stream. Hence, the works on no two 
streams used for floating resemble one another. In the 
following pages the most i)orfect methods of improving and 
maintaining a floating-channel are described, so that the 
forester may select what is practicable in any particular case. 

The improvements consist of : — increasing the head of 
water in a stream according to requirements, beyond its 
average quantity ; regulating the course of a natural stream ; 
constructing an artificial channel to r(q)lace it, and booms to 
stop and collect the floated material. 

(a) Increasing the Head of Water in a Stream. 

Besides rivers such as the Inn, the Isar, the Oder, etc., 
which are constantly used for timber- floating, nearly all 
German mountain-streams require arrangements for raising 
the average height of their water. It is especially the higher 
parts of streams, near their sources, where this is most 
necessary, for there they contain the least amount of water 
and pass through forest areas where floating is most neces- 
sary. 'J’ho means used for increasing the water are : — lakes 
and ponds, feeding-oanals, dams and tanks, 

i. lakes and Po7ids. 

In valleys and mountain-depressions at a high elevation, 
natural reservoirs such as lakes and ponds are of frequent 
occurrence, especially in high mountain-ranges with masses of 
snow and glaciers, where lakes of different sizes are frequently 
found in the upper stages of the side- valleys. These per- 
manent water reservoirs are very valuable, for they usually 
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lie along the line of floatage, and by means of a simple sluice 
at the outlet of a watercourse from a lake, the level of the 
latter may be maintained high enough to furnish a good head 
of water for floating wood down the stream. Many lakes are 
thus utilized. 

A small lake from which a side-stream passes into the line 
of floatage, or which may be connected with it by a canal, 
may also be utilized similarly, and in both these cases the 
dams to he constructed are similar to those that will be 
described further on. 


i i . Fmlimj-ranals. 

Instead of lakes and ponds, watercourses near the floating- 
channel may he utilized to raise the water-level of the latter 
by leading their water into it. A mountain-range, through 
the principal valley of which the floating-channel passes, is 
often a rich water-collecting basin, its springs and brooks 
running through the forests ; if here, not only the less impor- 
tant springs, hut also the brooks of adjacent valleys, are united 
to the floating-stream by canals, and its tributaries provided 
with sluices, the best possible measures will have been taken 
to gain a sufticient water-supply. 

Lines of levels should be run for these projected feeders, 
which often must be conducted round spurs and precipices so 
as to secure, if possible, a uniform fall, wliich should rarely 
exceed 3 or 4 %, or serious damage may ensue. Sluices are 
required where the feeder leaves the brook the water of which 
is to be utilized, and also where it joins the floating-channel, 
BO that swollen torrents may be avoided, and water admitted 
to the latter only when it is required. It must not be sup- 
posed that it is ahvays a difficult matter to lead water from 
one basin into another, for in the upper parts of a mountain- 
range several streams may be quite adjacent, which diverge 
widely lower dowm ; the feeding-canals also are not difficult to 
construct, being usually mere trenches like those used in 
irrigating meadows, and it is usual to utilize only tributaries 
of the same stream that eventually join it lower down. 

The direct line of floatage is not often supplied by feeders, 
but frequently they are used to fill reservoirs. 
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iii. Dams and RpMrvoirs, 

Whenever lakes and ponds are not available, the water of 
the floating-stream itself may be dammed-up, and thus a 
stronger head of water obtained. This is secured by means 
of a dam furnished with a sluice-gate, that is erected 
transversely across the valley in which the stream runs so as 
to maintain the lev^el of the water behind it A reservoir is 
thus formed, the wiiter in which may be made available for 
floatage wlien required, by opening the sluice-gates. 

Iheie is much variety in the mode of construction of dams, 
and according to the material used for them, they are made 
of earth, wood or masonry. The chief point is to make the 
dams and sluices W’atertight; cemented masonry-dams are 
best in this res])ect, hut earth-dams are superior to wooden 
sluices. 

(a) Earth-dams.— Earth-dams are formed of heaps of earth 
at the ordinary angle of repose for the material used, as 



shown in Pig. 230, which gives the section of such a dam. A 
facing (<i) of claj’’ or h'am is added to the dam on the side 
near the reservoir, to make it watertight, and another vertical 
layer of clay or loam (a') in the middle of the dam will prevent 
rats from f)erforating it. In order to strengthen the work, a 



V\^. 2:n.— TIu; Martin’s dam in the Bavarian- liohemian Forest, that has now 
l)een rebuilt in masonry. 
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thick facing of rough heavy stones is piled on the side of the 
dam, away from the reservoir. The impermeability of the 
dam by water is specially influenced by the nature of the 
ground on which it rests, and for its site, a place is therefore 
chosen where there is solid rock, or a clay bed ; if this is 
some depth down, it may be necessary to have artificial clay 
foundations. 

(b) Wooden sluices. — Wooden sluices have a framework 
of wood strengthened by means of earth or stones, usually 
the latter, in which case the wooden framework is lined with 
clay and filled with stones. Fig. 281 shows the ground-plan 
of such a sluice, there being three rows of partitions to be 
filled with stones. On the side away from the reservoir, these 
partitions are only half as high as the other two rows, and 
are planked over (r-, ( ). A roof is usually placed over the 
sluice, and it is crowned by a planked bridge. Buttresses 
(a a a a) of somewhat similar construction to the rest of the 
sluice are added to strengtheji the structure. They may, 
however, consist only of coarse, dry, stone masonry ; h is the 
channel for the passage of the water in the direction m n, 
and is closed by a sluice-gate. 

Fig. 282 shows another weaker kind of wooden sluice in 
Ihe Black Forest, at Absdach, on the river Wolf. It consists 
of piles boarded over, and strengthened, away from the reser- 
voir, by large blocks of stone between which an opening is left 
for the sluice-gate. 

(c) Masonry-dams.— These are built very strongly, chiefly, 

or entirely, of large hewn stones. As a rule, however, they 
are only faced with hewn stones, the interior being filled with 
rammed broken stones, or with gravel or rough stones 
imbedded in clay ; buttresses are then recpiired. ^ 

In order to increase their strength, they are frequently 
made in a regular curved shape, the convex side of which is 
opposed to the water-pressure, but in that^case it must rest on 
either side on firm rocks, and then resists the pressure of the 
water like a great vat. 

, Fig. 283 shows the plan and elevation of a masonry-dam 
at Herrenwies, in the Black Forest, with two sluice-gates (b b ) ; 
a are smaller gates which are opened first to relieve the 



pressure on b b. This dam is to be recommended owing to 
its simple gates and manner of opening them. 

(d) Dams of combined masonry and earth.-— These are the 
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most highly perfected of all dams, and are used m me 
Bavarian forest, as shown in transverse section, in Fig. 234, 
The masonry rests on a foundation of piles, and the reservoir 
side of the dam is faced with hewn stones resting on cemented 
rubhle-masonry containing a thin layer of comn’ete. A wall 
of cement and clay bounds this structure, and a well-stamped 



Fijz. 231. — jVfaM»nry and rartben dam in liavaria. 


earth-dam is continued towards the valley. This mode ol 
construction, and a liberal use of cement and concrete to a 
considerable depth in the foundations of the dam, make ii 
watertight in the hignest possible degree. 

(e) Sluice-gates,— The gates for the chief outlet of watei 
from the reservoir are usually in the middle of the dam, bui 
sometimes at its base. The sluice-gates open usually into a 
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channel, which conveys the rush of water at some distance 
from the dam into the natural bed of tlie stream. This pro- 
tects the lower side of the dam from being undermined by the 
water, and is specially important in the case of wooden sluices 
and earth-dams, as in Fig. 231, m h n. The sluice-gates are 
closed by various contrivances, and they may bo distinguished, 
according as they open with a rush, like ordinary sluice- 
gates, or are raised gradually, as in the case of vertically 
opening valves. 

(f) Sluice-gates opening in the ordinary way. — Tliis is 
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effected by means of hinges, but the gates are closed by 
various contrivances. The usual method of closing them is 
shown in Fig. 235. A is the gate revolving on hinges at a. 
jB is a revolving elliptical cylinder of wood, which is kept 
closed by means of a peg (5), a lever placed betw^een h and 
the wall of the dam and the pressure of the water in the 
reservoir, until the lever (m) is withdrawn ; tlie pressure on 
B then causes it to revolve on its axis, through an angle 
of 90'^ and present its smaller diameter to Ay so that the 
latter can open, b entering a recess in the wall made to 
receive it. 

Another mode of opening a sluice-gate is shown in Fig. 236: 
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as long as the end (m) of the lever (« d m) rests against tne 
peg {b\ the cylinder is kept closed, but when 8 is pressed 



down, h is released, and the gate opens. This inode of 
opening is used chiefly when the walls of the dam are high^ ; ; J 
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Fig. 237 represents another mode of opening sluice-gates, 
where the bar (m) is fastened back by an iron pin which tits 
through a projecting stone at /^ and can be easily withdrawn. 

[In the case of all the above sluice-gates, tluire is danger 
of the gate swinging violently against the wall of the dam, 
and being broken or injured. This is avoided by having the 



Fig. 23S. — Earthen dam with sluice-valve. 

binge at a short distance from the wall, so that when the gate 
is opened, there may be a passage for the water between the ^ 
hinge and the wall of the dam ; the intervening water then ■ 
breaks the force with which the sluice-gate swings, andf 
prevents its striking the wall. — ^Tr.] 

It is evident that when the confined water of the reservoir 
|>resse8 with all its weight on the whole sluice-gate, on 
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opening the latter, the violent rush of water would damage the 
banks below ; such gates can therefore be used only where the 
watercourse below has steep rocky banks. They have also 
the disadvantage, that the sudden rush of vater may not be 
able to carry downstream all the wood which is lying on the 

bed of the watercourse, so that 
much of its eFect is lost. In 
the Tyrol, self-opening sluice- 
gates are used, which open when 
tlie reservoir is full. 

(g) Sluice - valves. ~ Sluice - 
valves are used in well-con- 
strucied lloatiiig-channels and 
wherever the hanks need pro- 
tection against the downward 
rush of water, so that the 
amount of water passing through 
the passage in the dam may be 
reguhittjd at will. These valves 
are opened by means of a lever 
lilting into cogs, a ratchet pre- 
venting the descent of the valve 
(big. 2BH). Ill the Ahsdach 
sluice, the so-called ladder sluice- 
gates are adopted, the construc- 
tion of which may he seen in 
b’ig. 282. In order to avoid the 
use of heavy valves, two smaller 
ones side by side may be used, 
or several, each of which works 

Fig.23‘).-siuico.vain.. S^'^ove and may be 

raised by a revolving axis by 
means of rollers and chains, or winches. 

Ihe mechanism for raising these heavy valves with a small 
expenditure of strength should be of a very simple nature, 
^ig. 289 gives a simple combination of cog-wheels and endless 
screw for the purpose. This mode of raising valves is in 
general use for the tanks which will be described lower 
down. 
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(h) Sluice-gates made of logs.— The roughest metljod 
adopted for closing sluices is to place a number of round logs, 
split in half, vertically alongside one anotlier, with their 
ends resting against two strong beams above and below. The 
crevices between them are then stopped with moss, and a pile 
of earth is often made behind them. A\'hen it is desired to 
release tlie water, a hook attached to a rope is passed through 
an iron ring in the central log, which, on being lifted, is 
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carried down by the water ; the other logs are similarly lifted 
out of the way. 

Balks of wood one above the other also may be suspended 
horizontally, us is usual in the Black Forest, by chains before 
the opening, as shown in Fig. 233. They are raised one after 
the other by hooked poles. Fig. 240 shows the so-called 
plug-valve which is much used, especially in Austrian Silesia. ■ 
The valve fits vertically into a channel {a) excavated under 
the dam and projecting 4 or 5 yards into the reservoir, where 
it is strongly closed, the open end of the channel leading 
down-siream. The end under the reservoir is open at m and 
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can be closed by a conical plug (?i) which is raised by means 
of a vertical bar and screw (/>) ; (p) is a plank bridge for 
giving ficcess lo h. The chamber in which this plug plays is 
covered with a fine grating to exclude rubbish. This kind of 
valve weakens the dam much less than any other form of 
opening for the water, and the water can be allowed to pass 
through the channel as gradually as one could wish ; it is 
however very liable to become filled with silt and mud, that 
are removed with difficulty. 

All sluice-gates must allow for an overflow of excessive water 
from the reservoir and also for passing a small quantity of 
water into the floating-channel before the principal sluice- 
gates are opened. Tlie principal rush of water, which is 
required for floating, passes tlirough the sluice-gates, of which 
there may be several in the case of large dams, but when once 
the reservoir is full of water, any more water coming in must 
be allowed to escape, otherwise the top of the dam would be 
injured. For this puri^ose, thendore, a small channel is 
generally provided at the top of tlu; dam, unless there is a special 
gate constructed for this purpose. It may also be necessary 
to completely drain the reservoir of w^ator, in case of repairs, 
or to free it from sand, gravel, (itc. ; for this purpose a third 
opening may be necessary lower down than the princii)al 
gates. It is usual to admit a little water into the floating- 
channel so as to set the logs slowly in motion, before the chief 
rush of the water comes. This can be done at pleasure by 
means of sluice-valves, but where there are sluice-gates a 
special opening 'must he made in the large gate for this 
purpose, unless the floating-channel is provided with a small 
quantity of water by a side-channel, opening with its own 
sluice-gate. The size of the principal sluice-gate depends 
on whether it serves only for the passage of water, or for 
the wood as well, and in the latter case it must evidently be 
4 or 5 meters broad (Fig. ti32). 

(i) Dimensions of Dams.— Dams vary much in size ; there 
are some dams which maintain reservoirs capable of 
submerging a whole valley below them ; these are 450 feet 
long, and over 65 feet in breadth, and in their construc- 
tion a considerable amount of capital is invested, whilst 
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others can raise the level of a stream barely above its full 
strength. 

The more a watercourse is encumbered with boulders and 
rocks, the lower the dry-season level of its water and the 
longer its course, the more plentifully should water be 
supplied. Sometimes in such cases dams are constructed 
which allow of a depth of water in the reservoir, at the dam, 
of 15 to 30 feet. Well-constructed floating channels with a 
small and uniform fall require much smaller dams. 

Generally large reservoirs are preferable to small ones, oven 
though they take a comparatively long time to fill, as their 
effects are more proportional to their cost, and the floating is 
more certain than where several small dams are constructed. 
Very large dams have been made in Carinthia and the southern 
Alps, and in Austria and Hungary. 

(/i) Position of Dams. — The principal dams are made always 
in the iii)permost parts of a mountain-valley, and their effect 
reaches for sev(‘ral miles down, so that in many valleys no more 
dams are required below the principal one. In other cases, 
however, there are floating-channels with several small dams at 
distances apart of from H to 2 miles. 

Dams are intended, as far as possible, to drive the drainage of 
a locality into the watercourse which is used for floating. 
Watercourses, however, contain least water near their sources, 
but are here most in demand for floating purposes. It is there- 
fore necessary to utilise the first weak run of the water, and 
wherever it is possible to do so, a strong dam is erected near the 
very top of a valley, so as to collect as much water above it as 
possible. 

A site is therefore preferable for the principal dam 
where the sides of the valley approach one another with 
rocky walls, whilst above this gorge is a basin-shaped 
expanse of valley. Such places are often found in mountain- 
ous regions. 

Care must be taken that the water entering a reservoir is 
fairly free from silt and gravel, which would soon render it too 
' shallow for use. Wherever this is not the case, special works 
’must be constructed to keep out the sand, etc. ; these will be 
^ described further on, under the heading Weirs.” 
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iV. Tanks, 


Dams can be constructed across a stream only in narrow 
mountain-valleys where they can rest on mountain-spurs on 



Vi^. 242. -Shiico.fjate uf tlie tank A. 


where there are meadow’s, cultivated lands and perhaps 
houses, which a dam wnnld nWmusly inundate, while its cost 
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would be prohibitive, owing to the large amount of compen- 
sation involved, it may, nevertheless, be necessary to obtain 
larger supplies of water for floating timber than the natural 
course of a stream affords, and these may be secured by 
constructing a tank. This is an artificial pond surrounded by 
strong embankments, that is fed by underground culverts^ or 
by a canal bringing water from the upper part of the water- 
course ; thus water may be collected in the tank to swell the 
stream below it. 

There may be peculiarities of the locality that modify the 
mode of construction of tanks, but in this respect they are much 
leas variable than dams. 

Figs. 241 and 242 represent a tank which has been con- 
structed at Wilgartswiesen, in the Bavarian Palatinate. The 
reservoir A is situated between the floating-stream t and a 
small mill-stream in. It is surrounded by strong embank- 
ments (d, d), 14 feet high, and is fed by the mill-stream, which 
bifurcates from the watercourse above the reservoir and is led 
along the bill-side with a gentle fall, so that at a it is about 
10 feet higher than the watercourse, which it rejoins after 
passing the mill M, There are sluice-gates at a and h, the 
former for admitting the water and the latter for its escape ; 
s, 8 is a cart-road along which is conveyed the wood which is 
stacked at h, and there put into the stream. This tank holds 
280,000 cubic feet (8,000 cubic meters) of water, it can be filled 
once daily, and takes 2 hours and 40 minutes to run dry, float- 
ing 42,000 stacked cubic feet (1,200 cubic meters) of firewood. 

The embankments of tanks may be of earth or masonry, or 
half earth, half masonry, as shown in section in Fig. 242. 
Here A represents the stone-masonry, B the earth-work, a the 
sluice-valve, vi the feeder, and t the watercourse. 

Tanks to assist floating have been constructed at several 
places in Silesia, Franconia, the Palatinate, etc. ; they are 
utilised in summer for irrigating meadows and cultivated 
lands. 

V. Weirs, 

The works already described have for their object to increase 
the quantity of water in a floating-channel, but as soon as the 

B B 2 
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Accumulated water has run off, the stream resumes iis natural 

level. 1 

Weirs, on the contrary, are constructed to raise the water- 
level permanently and moderate its fall and velocity. They 
consist of a shallow dam erected across a stream, the top of 

which is either 
slightly below, 
even with or 
above the water- 
level, so that the 
water must more 
or less increase 
in depth behind 
the weir before 
passing it. 

Fig. overflow weir. 

have ground- weirs, below the surface of the stream; overflow 
weirs, between the highest and low’est levels of the water, 
and sluice-weirs which are provided with gates: in the latter 
case, the quantity of water in the stream can be perfectly 
regulated. 

All these three kinds of weirs are employed in streams used 




Fig. 21 1. — Overflow weir with slight fall. 


for floating ; they are necessary not only to divert water to 
mills and irrigation-canals, when the water is used for these 
purposes besides for floating, but also to maintain a high 
permanent level of water in a floating stream. 

The construction of ground-weirs is very simple, they may 
be composed of a ridge of stones, a stem of a tree kept in 
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position by piles, or row of piles behind which sunken fascines 
or stones are placed. 

An overflow weir may be constructed either of wood or of 
stone : Fig. 243 shows a section of a simple wooden weir with 
a steep declivity ; Fig. 244, a weir with a slight fall. 

Stone - work is 
naturally prefer- 
able to wood in 
constructing weirs, 
and wherever coarse 
stones are available, 
a weir may be con- 
structed as in Fig. 

245. Weirs con- 
structed of hewn 
stone - masonry 
(Fig. 246) are preferable to rough constructions, but unless 
the watercourse has a rocky bed, piles must be driven in to 
serve as a foundation under the weir. 

The efficacy of any weir is measured by the height to which 
the water rises behind it, and the distance back to the point 



Fig. 2ir>. — S<(me overflow weir. 



Fig. 246. — Stone weir. 

where the stream retains its former velocity, or ceases to be 
slack-water. Hence, in order to improve thoroughly a stream 
; for floating, a succession of weirs should be constructed from 
I slack-water to slack-water; in this way the average fall of 
![the stream will be reduced, a very important point in 
floating. 

r 
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The Blower the current, the further back the slack-water 
extends ; in sluggish streams, weirs may reduce the velocity 
of the stream too much for lloating, and are useful only for 
diverting mill-Htreams from the main watercourse. Wherever, 
on the other hand, the current is rapid, it is evidently advan- 
tageous to keep the water back as much as possible; for then, 
independently of the advantages of a moderate current, the 
banks and works to improve the lloating are secured much 
better against erosion, and the depth of the stream is 
rendered much more suitable for lloating, an important 
matter when it contains much gravel and boulders. 

The most suitable places for weirs are narrow valleys between 
rocky banks, as in such places the water cannot damage the 
banks of the channel and cause inundations, even when its depth 
is considerably increased. 

In such places generally several consecutive weirs are 
ro(iuired, so that the watercourse in certain cases becomes 
regularly terraced, with a succession of falls. As a rule, 
the number of weirs should be proportional to the rapidity 
of the current and the quantity of gravel and boulders in the 
stroam. These weirs are not constructed all at the same time, 
but by degrees, as the space between any two of them becomes 
filled with silt and gravel, and therefore a new weir becomes 
necessary. 

Besides the above-mentioned weirs, others also are required 
wherever any side-channel leaves the main stream to supply a 
mill, etc. Booms for collecting the floaling wood also are 
erected frc(piently on weirs. The more remote the point where 
the water from a side-channel is required, the higher must be 
the weir which supplies it. 

It is evident that sand, gravel and boulders accumulating 
behind the weirs constantly raise the bed of the stream, so 
that the water will in time overflow its banks unless they are 
sufficiently high. This is dangerous not only for the banks, 
but also for the wood which is being floated and tends to leave 
the stream and become stranded. If then a rush of high water 
follows, much damage may be done to the riparian properties, 
for which the manager of the floating will be held respon- 
sible unless he has taken proper precautions. In all cases, 
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therefore, where such damage is to be feared, weirs should be 
furnished with sluice-gates, which may be opened when there 
is danger of a flood. 

Fig. 247 shows a section through the middle of a weir in 
which a sluice-gate is supplied, m o n being the section of the 
weir, and o m the sluice-gate with a sloping base (s ni), 
enclosed by wooden horizontal walls ; this gate is closed when 
the water-level is at its ordinary height, but can be opened in 
floods. 

More frequently, however, a ground-weir is erected with a 
number of sluice-gates arranged side by side, by opening 
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which all the water may pass in high floods or the tiuil)er be 
allowed to float through. 

It has been remarked already that certain works may be 
necessary to keep silt, gravel or boulders out of reservoirs ; 
these works are merely weirs made of wattle- work or stone, 
across the small brooks which feed the reservoir, and tlius the 
results of denudation of the hill-sides are kept from descending 
the watercourse. In addition to these weirs, the ordinary 
measures should be adopted for fixing the slopes on either 
side of a mountain-torrent, and keeping it stocked with forest 
growth. 

(b) Works for regulating the Course of a Natural 
Stream. 

There is not a single watercourse, which is naturally so suit- 
able for floating timber, but that it may be improved by some 
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artificial works, to render the floating more regular and to 
avoid damage. In strong or weak waters there are always a 
number of hindrances : the banks may require securing ; it 
may be necessary to remove obstructions from the bed of the 
stream, by blasting, or otherwise ; sometimes the current 
requires modifying, or bifurcations of the stream should be 
cut off whilst floating is in progress. 

i. Sirerujthminfi ilie Jinnies of Slrmms. 

Artificial works may be employed with advantage wherever 
the banks of a stream are too steep, or too sloping, or where 
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Methods of 8tren"thcnii»r^ tlu* liver hjink. 


the breadth of the stream requires modification. High, steep 
or vertical banks of a stream, if not of hard rock, get under- 
mined and fall in, holes being formed in which the wood 
sticks ; or the material of the bank may be carried away and 
form an obstruction lower down the stream. Wood which 
lodges against the bank l)ecomes at length w'aterlogged, and 
may be lost. Hence, all bad banks require facing. Wherever 
the bank is composed of mere earth, a slope of 25 to 30 degrees 
should be given to it, and it should be sodded or planted with 
willow-cuttings to give it firmness. If a current sets in 
against such banks they may be protected by wattle-work, 
a trench being dug along the bank, a wattle-work fence 
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constructed and the interval then refilled with earth well 
rammed-in. The earth bank may also be faced with ordinary 
stone-masonry, or merely with large dry stones, and the trench 
filled with broken stones or gravel. Where stones are scarce, 
fascines may be laid parallel to the bank, secured by means of 
stakes, and covered alternately with stones or earth. 

Other modes of protecting banks consist in a row of piles, 
which are driven-in in front of the place to be protected, and 
either hound with w^attle-work, or planks or fascines fastened 
on inside them (Fig. 248). Where wood is plentiful the walls 
may be of logs 4 to G inches thick (Fig. 249), supported by 
stakes (a), and nailed together 
with long iron nails. It is, 
however, always better to 
employ stone-masonry for the 
purpose wherev(5r stone is pro- 
curajble, both to economise 
timber, and because the latter 
is not durable. Where stone 
is used for the purpose a good 
foundation must be supplied, 
as in Fig. 250, to prevent 
undermining, and a slope of 
about one in ten should be 
given. 

As great a hindrance to floating as steep banks, are banks 
which are too flat, as the stream widens-out in such places, 
and tends to fall-off in strength, depth, and rate of current. 
The gravel and other material brought down from above 
accumulate in such places, forming shoals which the floating 
timber only passes with difficulty, and many logs become 
stranded. Improvements thus have for their object to restrict 
the bed of the stream. 

The simplest method is to drive in a double row of piles as 
close to one another as the length of the logs which are floated, 
they demarcate the stronger water from the slack-water near 
either bank. The piles are high enough to overtop the highest 
level attainable^ by the water, and the logs as they float down 
align the piles and exclude the dead water. 
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In some cases watfcle-work is applied round the piles, other 
rows of piles are driven-in a few feet from the first rows, and 
the interval filled with stones, branches and sand. Finally 
solid parallel lines of masonry may be constructed, which are 
no other than dams running parallel to the stream and united 
to the old banks by wings ; they may be looked upon as artificial 
banks to the stream. 

The top of these dams must be of about the average level 
of the stream so that all flood-water passes over it, carrying 
with it silt and gravel which gradually fills-up the site of 
the slack-water. Sometimes where there is an extensive tract 
of slack-water, it may be covered with a network of dams 
crossing one another, which gets filled with silt, etc. ; if these 
dams are raised gradually as the spaces between them become 
filled, the slack- water may disappear entirely, and the lateral 
dams be overflowed no longer at high water. 

ii. SlrenDlhenimj the livil of Ike Stream, 

The bed of a stream requires artificial improvement much 
less frequently than the banks. This is, however, sometimes 
requisite, in the case of mountain-torrents with stony beds, 
and usually consists in blasting-away the rocks and removing 
stones, wdiich otherwise might cause holes to form behind them 
in the bed of the stream, and thus catch the floating logs. The 
best season for these operations is the autumn, or whenever 
the water is lowest; the stones removed from the stream 
may be utilised to improve its banks. It is, however, easy to 
do too much in the way of removing obstacles from the bed of 
a rapid stream : for if a floating-channel be freed from all 
impeding rocks and stones, which form so many natural weirs 
in its course, the stream often becomes torrential and its banks 
may be broken and inundations or other disastrous conse- 
quences ensue. 

Eapids may occur where the bed of a channel is narrow and 
steep, where the stream runs between rocks in passing from a 
higher stage in the valley to a lower one, and there is then 
likely to be difficulty in floating the timber. If in such places 
the bed be terraced (Fig. 251), floating will be much expedited 
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by making a network of logs which is filled in with stones. 
The blasting necessary in such a place is, however, so difficult 
to carry-out, that frequently the wood is landed and passed 
down a water-slide and placed again in the stream further on. 



Careful paving of the bod of a stream is not unfrequent 
at openings from tanks and to a certain distance inside the 
latter. 

iii. RccHfijmij the Floating ChanneL 

Usually the channel of a mountain -stream winds consider- 
ably as soon as it approaches the plain, and its current is thus 
reduced considerably. The wood, which is being floated, has 
therefore to travel far in order to pass over a comparatively 
short distance, and may become water-logged. Owing to the 
slight fall, inundations occur with every high water, the banks 
of the stream are injured and much wood stranded far and 
wide. 

Straightening the channel of the stream is then the best 
mode of obviating these dangers. The stream is straightened 
by making short artificial cuts between its bends and windings. 
Such a cut il' commenced generally at several places between 
the points on the stream that are to be joined, the banks 
then serve as dams until the channel is completed. In such 
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cases it may be even worth while- to make tunnels for the 
water to pass, as at Hals, near Passau. 

Artificial floating-canals leading to a timber-depot are of the 
same nature as the above and sometimes run from one river- 
basin into another. 

The best known of these artificial floating-canals is that 
belonging to the Prince of Schwartzenberg, at Krummau, in 
Bohemia ; it is 85 miles long, of which 600 yards are tunnels 
leading from the centre of the forests to the river Miihel, 
which flows into the Danu])e between Lintz and Passau and 
brings down the yield of 85,000 acres of forest. 

Whenever a canal is dug, levels must be taken most carefully 
beforehand ; one in fifty is the best fall, though frequently 
unattainable. The canal just d(^scribed has a fall of one in nine 
for a short distance, and one in the Bavarian forest a fall of 
one in five. In such places, the bed of the canal must be 
paved, or terraced, as already described. 

In the latter case, the ppper section of the canal is only 4 
to feet broad, and 1 J feet deep ; it brings down very large 
butts for the saw-mills. It is there coustriu^ted of blocks of 
granite ; lower down, its banks are made of wood, but in 1882 
the floods proved too much for these wooden constructions. 
In the lowest section, where there is much more water available, 
the width of the canal is 10 feet. 

In constructing such canals the chief point is to secure a 
good supply of water, owing to the snowfall in mountainous 
regions this can generally bo done. The line is then taken, as 
far as possible, through all adjoining mountain-streams, or it 
is supplied with water by reservoirs and dams. 

iv. Laierai J looms. 

All streams used for floating have branches either natural or 
artificial, and arrangements must be made to keep the wood 
out of such bifurcations, or in certain cases to conduct it into 
a side-stream. To effect this, lateral booms either floating, 
or flxed in the bed of the stream, are required. A thoroughly 
dried spruce-log fastened to the bank of the stream by withes 
and floating in the water in front of the side-stream will often 
Buffice. 
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Should the width of the stream be so great that this is not 


sufficient, a chain of two or 
more logs (Fig. 252) attached 
together either by withes or 
iron rings may be substituted. 
These are floating booms. Wher- 
ever a boom has to withstand 
a great pressure, as, for instance, 
where numbers of saw-mill 
butts are being floated, or the 
floating wood is being driven 
from the main stream into a 
bifurcation, a fixed boom 
(Fig. 258) should be constructed. 



In ibis case, piles (/a a/) aiC 2r)2. A lateral floating Iwom. 

driven into the bed of the 

stream and are supported by props (««). The logs forming 

the boom are then 



attached to these 
piles and close the 
stream. One row 
of logs is often 
insufficient, and 
then two or more 
logs are fastened 
together and 
placed in front of 
the piles. Such 
booms will not, 
however, stop 
water-logged 
wood ; when there 
is much of this, a 
more elaborate 
boom is required, 
the construction 
of which will be 
described further 


Fig 263 ,— Fixed lateral boom. 


on, 
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V. Armsihilily of ths BanJcs of the Strpum, 

" Accessibility of the banks is another necessity whenever 
a stream is used for floating timber. The water must be 
accessible at least from one of the banks by a good foot-path, 
so that the workmen may be able to fasten logs to the shore, 
push off stranded logs, or land timber, and move about 
expeditiously. 

The only difficulty in lower mountain- valleys and level 
ground is to come to terms with the riparian owners about 
sites for the construction of booms, (itc. Tn the higher 
mountain passes, however, steep precipices often line the 
banks of narrow gorges, tli rough which the stream passes, 
and the logs can bo controlled by the workman only at great 
risk to their lives. Such gorges are especially common 
among limestone i’ 0 (!ks ; they form i)asses between the higher 
and lower stages of the valleys, the water falling in a series of 
cascades among large boulders and masses of rock. The 
floating wood is constantly sticking in such places, and a 
whole sweep of timber may thus be stopped. In order to 
prevent this mischance the gorges must be made passable ; 
often a pathway is constructed with wooden galleries sup- 
ported by numerous iron bars and wooden beams let into the 
rock, and connected with one another by steps cut in the 
rocks, and by ladders. 

3. Booms, 

Booms are constructions intended to arrest or divert the 
passage of all floating wood at a fixed point in a stream. 
All floating timber is stopped or diverted by the boom, and 
where large sweeps of timber come down, the boom has to 
resist considerable pressure and must be very strongly con- 
structed; its site also should be situated favourably for the 
purpose in view. 

Booms, therefore, vary from those of the simplest nature to 
colossal structures costing thousands of pounds. Most of these 
booms are constructed by ordinary woodcutters or floaters, 
who from long experience in the work frequently show great 
ingenuity ; some of them may even be classed as engineers. 
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But for the very reason that the nature of booms depends 
on local conditions, no constructions are more varied, and 
hardly any two booms are alike. In the following paragraphs, 
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therefore, some characteristic forms of booms only will be 
considered. 

(a) Mode of construction. — There are three essential points 



Fig. 255. — Transverse section of al)ove. 


in the construction of a boom : the supports, the horizontal 
bars which stop the sweeps of timber, and the grating of rails 
that surmounts the boom. 
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Booms may be divided into two classes, accoramg as cue 
grating is vertical or oblique, the largest and most important 
belonging to the latter category. 

Fig. 254 represents a simple form of wooden boom with a 
vertical grating which has to resist a moderate pressure only; 
Fig. 255 shows the section of a support to this boom, and m 
the grating and horizontal bars. Wherever in mountain- 
streams rocks occur on which the grating may be supported, 
they may be utilised as supporting piles for the boom ; but if 
such natural supports are wanting and the pressure of the 



Fig. -Room with stono supports. 


sweeps of timber is great, masonry-pillars must be erected for 
the purpose (Fig. 250). 

The horizontal bars are constructed of large balks of 
timber, which are bored through in order to allow the rails of 
the grating to be inserted ; or they are composed of three 
' balks, the middle one perforated to support the grating. The 
lower bar is placed frequently at the water-level (Fig, 254), 
where it is best preserved. 

In the case of large booms required to withstand the 
pressure of large sweeps of floating wood and powerful streams, 
oblique gratings are used. It is evident that such an 


FtOATINO. 


m 


arrangement will wifcliBtand a much greater presBiire than will 
vertical gratings. The inclination of the grating to the surface 
of the water varies, depending on the absolute weight and 
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stability ot the rails which form the oratinR. Where these rails 



Fig. 258.-- Oblique boom with masonry supports. 


of the grating may be 60 degrees, but otherwise it is placed 
more obliquely, say, at an angle of 25 to 30 degrees. 

The rails of the grating are always round pieces, barked 
spruce or larch, with their thicker ends in the water, and they 

c c 
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rest without any support on the bed of the stream. ' In front 
of them, floating spruce stems are placed to take the shock ^ 
of the floating wood from the grating. Where the stream is 
broad and the grating long, supports are also necessary, their 
simplest mode of construction being shown in Fig. 257. 

The Hui)ports of large booms require, above all, a solid 
foundation : in the case of wooden supports, piles are driven 
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sufficiently deep into the firm (rocky) bed of the stream ; when 
there are masonry-supports, a firm foundation of piles is sup- 
plied, in case a rocky base cannot be reached. Fig. 258 repre- 
sents a large boom over the river Regen, at Regensburg; in 
this and other large booms the supports are similar to those 
used for large bridges, they are arranged with their longest 
sides parallel to the stream so as to offer as little resistance to 
it as possible. 3 ^ ,^’*^'lar construction is the large boom at 
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Baden, near Vienna, also that over the Ilz at Passau, the boom 
nearly a kilometer (f mile) long at Brixlegg, and other large 
booms. 

What enormous pressure such booms have to support, 
especially in floods, may be imagined easily from the fact, 
that floating timber often accumulates behind them to a 
height of 15 to ‘20 feet and sometimes even overtops them. 
In such cases, as has been already remarked, not only must 
the construction of the boom be of the strongest possible 
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character, but also the locality must be specially adapted 
for it. 

In the case of many booms, with either vertical or oblique 
gratings, the latter are placed in siin only during the floating 
season, and for the rest of the year are removed and kept in 
sheds on the river-banks. This cannot be done always, when 
the grating rails are very large and weigh several hundred- 
weights each, but even then, part of the grating must be 
removed if the stream is to remain navigable, or passable by 
rafts of wood. In such cases, the rails are provided with 
strong iron rings so that they can be raised by means of 
booked poles and placed on the horizontal ’ ars, and on a 
jjplanked footway constructed behind the latter <5* 


( r. r. O 



Fig. 2112. — Trestle boein. 


sawn. The grating is, therefore, frequently provided with 
the arrangement shown in Fig. 269. The hooks at n n are 
for the removal of the rails, each of which is perforated for 
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the admission of a wedge to keep it in position when raised, 
the wedges resting on the bar (a a). 

Besides the above usual kinds of booms, special, local booms, 
such as trestle-booms, portable booms andbooms with gabions, 
are in use, of a cheaper and simpler mode of construction. 
They are used chieliy for temporary floating, or in the case of 
streams subject to such high floods that the construction of 
more elaborate and expensive booms is not advisable. Tliey 
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trestles is placed behind the first to strengthen it, one ot tlie 
feet of the second row crossing the feet of those in the front 
row. This crossing of the feet of the trestles strengthens the 
boom in a very marked way. 

After all the trestles are in position in the water, the bars 
(/> h />) are nailed on to them ; they are intended to support 
heavy logs with which the trestles are loaded, to add weight 
to the boom and render it firmer. As the trestles are not 
imbedded in the ground, but only rest on it, they would 
not withstand the force of the stream if they were not 
heavily weiglited. Further weight is added by placing stones 



and boulders above the logs which rest on b h h. Supports 
for the rails are then nailed on to the trestles, the rails 
fastened to them with withes, and fioating logs placed in front 
of the rails. Fig. 262 represents a form of trestle-boom 
common in S. Alpine countries. 

Portable booms form another class which may be erected 
and removed at pleasure, but their mode of construction varies 
con sidei ably. Fig. 263 represents a section of such a boom 
with a permanent base, which is used in streams where sudden 
floods occur, as in Lower Austria, the rivers Ziller, Gail, etc. 
Tlie fixed base is composed of a beam (a) and piles (c c ) ; on 
the latter the trestle-beams (ni m) rest, and the grating-rails 
id d) are supported by pieces (h b) which are bolted to m. 
Another kind of portable boom is used in Nadworna, in 
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Galicia, in which three twisted wire ropes are stretched as 
tightly as possible one above the other and supported by* 
trestles at distances of 30 feet apart. 

Another kind of boom is formed of gabions (Fig. 204), as 
used in Venezianisch and other places. Here, instead of 
wooden or stone pillars, gabions of basket-work filled with 
stones are used, which support the horizontal bars and the 
grating-rails. The gabions are placed in a line across the 
streanT at distances of 5 to 15 meters (16 to 48 feet) apart, 
according to the strength of the stream, and are tall enough 
to be above the highest water-level; their height, varies, 
therefore, with the depth of the water in which they are 
placed. Planks are then placed from gabion to gabion, form- 
ing a footway, and stout poles (a a a) are bound to the 
gabions by means of withes. The grating-rails (h h) are then 
bound to i: outside the water and let down into it from tjie 
footway, till each rail rests on the bottom of the river. The 
several rails are bound by withes to a a a, and along the 
grating floating togs are placed. 

These gabions have the advantage of costing little, of being 
erected in a short time by the floating-gang and of being 
repaired easily. At the same time, they are not durable, and 
are often overthrown by heavy floods, to which they offer a 
large, exposed surface. They are adapted specially for smah 
temporary sweeps of floating timber, chiefly on unimproved 
mountain-torrents. 

Finally, floating booms must be mentioned. They consist 
for the most part of spruce-logs which are united at their 
ends by iron rings and fastened together in sufficiently long 
chains. These chains of logs are fastened at one or both 
ends, and float on the surface of slowly flowing streams, on 
which floating is done only occasionally. In order to give 
them a greater power of resistance, some of the logs are 
tochored to the bottom of the ri^er. In spite of this, how- 
ever, they cannot resist a sudden flood, as has been often 
experienced, in the breaking of such booms, especially if the 

stream is fairly strong (the river Inn). 

[In the river Jumna, at Daghpathar, a boom is placed at a 
point where the river is 120 yards broad. It consists of two 
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portions, a raft 354 feet long, constructed of railway -sieepers 
as shown in Fig. 2()5, and a line of logs. The raft is fixed at 
one end to a rock on the right-hand side of the river, and kei^t 
obliquely inclined towards the current by wire ropes anchored 
to the other bank. This portion of the boom is ])Iaced in the 
full current of the powerful stream. From its otlier epd extends 
a line of logs fastened end to end by a wire rope, and 910 feet 
long. The floating sleepers are stopped b}^ the raft-boom, and 
then float along the line of logs into slack- watei’, when they arc 
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caught easily by men swimming on inflated butralo-skins, and 
landed. 

The construction of the raft-boom is as follows 

Two broad-gauge sleepers are placed 6^ feet apart and with 
their broad face vertically downwards ; transversely to these 
and dovetailed or merely let-in, are placed at intervals of 
about one foot meter-gauge sleepers with the broad face hori- 
zontal. In the centre are two planks placed longitudinally 
and serving as a footway. A wire roi^e runs along each side, 
and is firmly fixed to the broad-gauge sleepers. This is to give 
the boom flexibility against sudden strains. Below the sleepers 
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are three iron rods one inch in girth supported by bars 2 inches 
in girth from the broad-gauge sleepers. 

This boom cost Its. 1150, including lls. 500 for wire ropes, 
which last for many years ; it is annually reiiioveil before the 
July monsoon, and replaced intlctober. About 400,000 sleepers 
and scantling are stopped by it annually and made-up iiito rafts 
at Daghpathar. — Tr.] 

(b) Modes of using Booms. — According to the strength of the 
stream, the purpose for which they are erected, but above all on 
account of their suita- 
bility for any particular 
locality, various kinds of 
booms are used. Here, 
in the first place, a dis- 
tinction must be made 
according as the booms 
are used, either to stop 
all the wood floating 
in a stream (terminal 
booms), or to divert it 
into a side-channel 
(lateral booms) ; it must 
be considered, secondly, 
what steps may be 
taken to reduce the 
pressure on booms and 
prevent them from 
breaking. 

i. Termml Boomn. 

Terminal booms, in- 
tended to stop all the 
wood floating in a stream, are erected either transversely or 
obliquely across a stream, the former being termed straight 
and the latter oblique booms. Booms may run in a broken 
line, or be arranged so that a quantity of floating wood may 
be collected and taken away from the boom. 

Straight booms are made chiefly on streams witli a slight 
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fall and where sudden floods are not to be feared. They have 
to resist severe pressure, and wherever large sweeps of wood 
are floated should be constructed strongly. 

Oblique booms are commoner both in the case of lateral 
and terminal booms, they have naturally a greater length in 
proi)ortion to the breadth of the stream than straight booms, 
and the longer they are, the better able are they to withstand 
the pressure of the floating wood and floods. Most booms are 
not straight, but have a broken line of contour ; and many 
booms, and some of the most important ones, collect and 
retain for some time a large quantity of the floating wood. 
The boom across the river Ilz, near Passau, built as in Fig. 258, 
and a plan of which is given in Fig. 260, collects over ten 
thousand saw-mill butts, and allows for their being continually 
removed by the underground channel (a), 

ii. Lateral Booma. 

These booms are intended to divert floating timber into a 
side-channel, and are long and oblique. 

In powerful floating-channels, a terminal boom usually 
cannot be laid across the main stream without danger of 
being broken. In such cases, therefore, a side-channel is 
diverted from the main stream and the sweep of timber con- 
ducted into it, the main stream being barred by a boom. 
Fig. 267 is a long lateral boom, only closed in the middle 
by floating logs. U is the main stream ; s, the side-channel, 
low^er down in which the terminal boom is placed ; 5 is a weir 
diverting water into s. As in this case the pressure of the 
sweep of wood and of the stream is divided between two 
booms, neither of them need be very strongly constructed. 
This is the chief advantage of leading the floating wood into 
a side-channel. Where a natural bifurcation of a river does 
not exist, an artificial sida-channel is constructed frequently 
with advantage ; if, then, the lateral boom is supplied with a 
strong weir, or, if possible, with a sluice- weir, the supply of 
water to the side-channel may be regulated at will. On this 
general principle are founded all the better kinds of riverside 
sawmill timber-depots, which will be described further on. 
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By supplying booms with sluice-gates, they may be improved 
considerably; but this necessarily pre*supposes sufficient 
strength to withstand the 
pressure of the wood and 
water. Sluice-gates are 
specially valuable in the 
case of large booms with 
masonry supports. By 
regulating the supply of 
water, the front of the 
boom may be covered 
more uniformly with 
Hoating wood, so that 
wlien the sluices are 
opened the greater part of 
it may become stranded, 
or can be brought to land 
easily. In the case of 
long booms, it is highly 
advantageous, by opening 
first one sluice-gate and 
then another, to drive 
the wood in front of 
portions of the boom 
hitherto free from it ; 
and, finally, by opening all the sluice-gates to bring in the tail 
of the sweep of the wood. 

iii. RediifHan of the Pressvre on a Boom. 

Attempts should be made in every possible way to reduce 
the pressure on a boom ; this object may be secured in 
various ways, by constructing booms on weirs, by means of 
channels for waste water, channels to remove sand, sluice- 
gates, etc. 

Generally lateral booms are placed on a weir, which supports 
part of the water-pressure and reduces the fall of the stream 
and the pressure on the boom. Nearly all large booms which 
are intended to strand the wood, or to serve as lateral booms, ^ 
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are of this nature. Channels for waste water are artificial 
cuts, which branch -off from the main stream above the boom, 
returning into the stream below it. Thus a certain portion of 
the water is led away from the boom, which has, therefore, 
less pressure to withstand. Fig. 268 represents such a channel, 



which is supplied at its outlet (m) with a lateral boom and 
sluice-gates and sub-divides below into several branches (b h h). 
;If the terminal boom were also in a side-channel, which has 
besides the advantage of a weak current, its utility may be 
increased further by smaller channels taken from above the 
iboom and returning into the other below it. 
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Booms in streams that bring down bouldeis ana gravel 
besides the force of the current and of the floating wood, have 
to withstand the pressure of the sand and boulders. Wherever, 
therefore, the fall of the stream is considerable, it is sufficient 
usually fo place the boom out of the main current by allowing 
surplus water to pass off by a side-channel; or, when the 
boom is in a side-channel, a deep and steeply inclined cut, 
termed a sand-canal, is made in the latter to carry the sand 
and boulders into the main stream. Pig. 269 shows the float- 
ing-channel (s, ;i), which bifurcates from the main stream, II; 
w, w form so many cuts between strong, solid masonry walls’ 
which may be closed by lateral booms and sluice-gates; ah 
he smul-caual, which at ,1 is only half a meter deeper 
t an the rest of the floating channel, but deepens gradually 
towards /». The boulders which accumulate in d, p are 
passed thn.ugh a temporary opening (p) and the corresponding 
sluice-gate m the lateral boom, and pass along m into the 
main stream IT. 

Simple sand-canals can be oiioned for the passage -of silt, 
etc. only whilst floating is not in progress. In order to free a 
floating-channel from these accumulations during the floating 

S 269, be covered with a wooden 

lattice-work (Iig. 270) constructed at the bottom of the float- 
ing-channel W. besides this method, double booms may be 
used, which are erected the one close behind the other, and ^ 
the silt and boulders are admitted into the interval between 
them by opening the first boom and then passed through the 
second l»om, so that always one of the booms is ready to stop 
the . floating wood. In order also to expose the bed of the 
stream m front of a boom and then strand the timber deen 
oulverts mth sluice-gates may be made and opened to pass the 
Water under the boom. ^ 

y (c) Further Details regarding Booms.-In the preceding 
paragraphs, a distinction has been made between lateral or 
^nmnal booms, but the latter may be of several kinds. Every 
boom whatever its dimensions, which catches floating wood at 
a timber-depot is a principal boom. Owing to certain condi- ' 
tions of a locality and want of sufficient space, it is not always 
possible to supply every river timber-depot with a prineipali 
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boom ; or the risk cannot be incurred, in the case of numbers 
of saw-mills situated along a stream, of entrusting the supply 
of the thousands of logs they require for their annual work to 
one boom only, which is always liable to be broken. In such 
cases, subsidiary booms are used in order to ensure a supply 
of wood for all the saw-mills. 

For this purpose narrow parts of the stream are selected, 
confined on either side by rocks, and there booms with move- 
able gratings are erected, from which the wood can be again 
despatched down-stream in small sweeps to the different saw- 
mills or timber depots. 

Not unfrequently a stream is broken-up by booms at not 
very long intervals ; this is either for charcoal-burning, in 
order to land the wood required where permanent charcoal- 
kilns are maintained : or each forest-owner or principal wood- 
merchant has his own boom, in order to collect his own vood 
and float it separately from that of other owners to the principal 
boom ; or the saw-mills situated along the stream have each 
its special boom, provided with passages to allow extiuneous 
wood to pass through them. 

Subsidiary booms are erected sometimes in strong streams 
below the principal boom, where, owing to occasional floods, 
there may be danger of the latter breaking. \\ henever floating 
timber is rafted, or passed in lines of logs across a lake, most 
* of the water-logged wood would enter the lake and sink to the 
bottom without possibility of recovery, were not a boom 
stationed at the point where the stream used for floating 
passes into the lake. 

4. Method employed in Floating 11 ood. 

(a) Season for Floating.— The more quickly a sweep of 
wood is floated and reaches its destination, the better is the 
business of floating conducted. For this purpose, a steady - 
and ample supply of water is necessary. The melting of the 
mountain snow in spring brings most water into pjuropean 
streams, and spring is therefore the chief season in Europe 
for floating timber. At this season all the brooks and springs 
which flow into the floating-channel are swiftest and most 
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buoyant, owing to the coldness of the snow-water! Thus 
all reservoirs and tanks can be filled readily, and the largest 
possible volume of wood brought down in the shortest possible 
' time. 

The weaker the floating-channels, the greater care must be 
taken to utilise, for floating, the critical period in the spring, 
after the snow has disappeared. Although in mountainous 
districts, with heavy rainfall, the period of melting snow brings 
down sufficient water into the streams for floating purposes, 
floating is ])rotracted frecpiently into the summer months, it 
then re(]uires all tlie lielj) of an artificial supply of water. In 
such cases, the forester will direct his attention to the summer 
i'(„. sui)plying his reservoirs, ll is evident that the 
) prosperity of the saw-mill industry depends on a choice 
J right moment for floating the wood. 

)ating on large streams i)ermanently well supplied with 
, and on smaller streams supplied from lakes and 
/oil's, may continue throughout the year. In such cases 
^referable to float in the autumn, when floods are less to 
ired than during the spring. [This is the case in India 
rivers such as the Jumna, where the princijml boom is 
8 removed from May till Novembei', when the river is 
m with snow-water and water from the summer mon- 
Tr.] In high mountain-regions floods occur late in 
)ring and in the early part of summer, and it is therefore 
^eral districts safer to choose midsummer (in the Italian 
late autumn) for floating, especially where protective 
i against floods are wanting. 

all reservoirs may be filled three or four times in a day, 
,rge ones may re(iuire several days to fill. 

Nature of the Wood to be Floated.-~Baw.mill butts 
le better kinds of firewood (split billets, and large round 
) are floated. [In India also railway- sleepers and other 
big* Tr.] The butts are first barked and trimmed free 
knots and stumps of branches, and frequently rounded 
th ends to guard against splitting. Firewood and 
)al-wood is floated either in round butts (twice the 
L of the ordinary billets) which are sawn and split inta 
after lauding at the booms, or in split billets 
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' Whether it is preferable to float butts, or split billets, 
depends on circumstances ; butts require a stronger current, 
though in a floating-channel they are less liable to breakage 
by boulders, etc., than billets, which require improved channels ^ 
with a moderate current. It is evident that light coniferous 
butts are floated more easily than broadleaved ones; also, 
wherever carbonisation is effected with round pieces, as in 
the Alps, they must be floated in that form. Butts for saw- 
mills require stronger water than firewood, lengths of to 4 
meters (10 to 13 feet) being most suitable, although in Sweden, 
butts are floated up to a length of 7 meters (23 feet). It is 
often diflicult to float heavy butts, especially of ailver-lir, 
unless they have been previously dried. 

The most important operation, before floating is undertaken, 
is that of drying the wood, for the amount of water-logged 
wood varies inversely with the comparative dryness of the 
wood when launched. Wood felled in the growing season 
dries more quickly than winter-felled wood, and is therefore 
more easily floated. It is indispensable to dry thoroughly the 
butts that are to be floated for long distances. 

It is especially requisite, from a consideration for the quality 
of the wood, that butts felled and barked in the summer should 
be removed from the felling-areas immediately after felling, 
and deposited in airy depots, in order to become thoroughly 
dried. If, then, during winter wood is brought to the side 
of the floating-channel, not only does the drying process 
improve its quality, but also facilitate the operation of 
floating. 

(c) Conservancy of the Floating-channel. — Before the 
wood is thrown into the floating-channel, the condition of the 
latter, and of the different works which have been constructed 
to improve it, should be known. For this purpose, an inspec- 
tion should be made, preferably with the co-operation of 
riparian landowners, owners of saw-mills and other hydraulic 
works along the floating-channel ; enquiry should then be 
made into all claims for compensation for damage done 
by the floating-gang, in order to prevent unfair excess in its 
amount, and, if necessary, these claims should be settled by 
arbitration or the law-courts. This inspection should, if 
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possible, take place in fine weather and when the water is 
clear, so that the bed of the stream may be seen. 

As this inspection serves for settling excessive claims for 
com 2 )ensation, it should be made as soon as possible after the 
previous year’s floating is over; it is also useful to assist tJie 
brest-manager in deciding about the suitability or defects of 
my of the works along the water-channel. It is clear that 
epairs to tliese works cannot be postponed till shortly before 
he floating season ; they must be done, together with any 
lew indispensable works, when the water is low in summer or 
arly in the autumn. The same iu’oviso holds good for 
clearance of the floating-channel, ^^hich is required both in its 
lower course, where the current is sluggish, and also in its 
upj)er course, among rapids and boulders. Whenever' it is 
necessary to expose any 2)ortion of the bed of the channel for 
this purpose, arrangements should be made to procure the 
necessary stoppage of all mills, etc., for the purpose. The 
days on which the stream is allowed to run dry are either 
fixed by law, or secured by com])ensation to the mill-owners ; 
only owners of works established on the stream before it was 
used for floating are entitled to compensation. 

(d) Conduct of the Floating Operations.— During winter 
and early spring the wood is brought to the side of the 
floating-channel, and placed on its haiiks in loose stacks, 
bhould theie be, as is frequently the case, a narrow valley 
just below the reservoir dam, so that the wood cannot be 
washed away laterally, it is frequently placed on the dry bed 
of the channel ; then the ideces of ^^ood should be scattered, 
so that when the dam is opened a jam may not arise. 

If, then, all the wood from most of the felling-areas has been 
brought down, tlie efficiency of the floating- channel and its 
works has been ensured, and everything is ready at the 
timber-depots below for the reception of the wood, the first 
sweep of wood may be sent down at the right time. A careful 
choice of the latter is of great importance, and is a matter of 
days, even of hours. A commencement should be made always 
in the most remote and weakest of the subsidiary streams, so 
that the sw'eep of timber ^^assing through it may come down 
as soon as possible into ... juain stream, where progress is 
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not so dependent on the period of the highest Hoods, lienee, 
a distinction may be made between subsidiary sweeps of 
timber and the principal sweeps. 

Wherever the cost and difficulty of subsidiary sweeps is out 
of proportion to tlieir utility, attempts should be made to 
substitute sledging for iioating, as is being done already in 
the Alps. In other localities, as in the ralaiinate, only sub- 
sidiary sweeps are attempted, the wood being lloah'd I'ight up 
to a railway. 

Before the sluice-gates are opened, and floating the sub- 
sidiary sweeps is begun, the (|uaniity of the wood to bti 
launched should be ])roportioned to the (juantity of water in 
the reservoir and the strength of the boom, otherwise there 
will be danger of the tail of the sweep being left stranded, or 
of the boom being broken, if a Hood should occui’. Due con- 
sideration having been given to these points, the sluice-gates 
are ()[)ened, and after the iweliminary Hooding, the strength 
of which depends on the amount of im[)ediments there may be 
in the lloating-channel, the floating-gang commence throwing 
the wood into tbe stream. As soon as most of tbe water has 
left tbe reservoir, the gang stop launching the w^)od, so that 
Die lesidue of the water may have its cHect on tbe tail of the 
sweep and carry it away. As soon as the reservoir is empty, 
tlie dam is closed again in order that a fresh su])ply of water 
may be collected. 

In the case of Hoating-channels which cannot be flooded by 
a considerable ])ody of water, but only by a moderate supply 
from fear of damage to their banks, it is the duty of the forest 
guard ill charge of the reservoir to be careful not to supply 
more water at a time than is absolutely necessary. He will 
learn easily by experience for how many miles down tbe water 
from his reservoir can flood the lloating-channel sufficiently, 
and how long the sluice-gates should be kept open to ensure a 
proper supply. 

The wood now is carried down by the flood from the reservoir, 
and the best, smoothest, well-dried wood keeps at the liekd of 
the sweep, whilst inferior knotty wood and heavy butts gi’adually 
lag behind to fonn its tail. However well the floating-channel 
may he regulated, hindrances will arise whenever the w^ood 
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enters a difficult place and blocks the way for the rest of the 
sweep ; it may thus block the channel and drive the flooding' 
water over its banks, or in the most favourable case allow it to 
run away uselessly. In order to i)revent such a mischance, the 
sweep is accompanied by some men of the floating-gang, and 
also men are placed beforehand at any places along the channel 
where a block is to be feared, so that with their hooked poles 
they may push off all pieces that are jammed. It is necessary 
for overseers to supervise these men, and hence, a fairly good 
pathway must be provided all along close to the side of the 
channel Unde p. 382). 

Although in the case of floating split firewood billets in well- 
regulated channels the work may be very light and easy, it 
involves extremely hard labour and danger to life in the case 
of saw-mill butts coming down from high mountain-regions. 

Wessely thus writes in his excellent work about the Austrian 
Ali)s:*-“The mere releasing a jammed mass of logs is a 
formidable undertaking. In order to save labour, it must be 
set free from below ; a single crossed log often detains the 
whole pile of timber ; this is at once recognised by the wood- 
man, who drags it out, but he has hardly done so before all 
the logs come crashing down on him and roll thundering down 
the flood. If he does not succeed by skill and good luck in 
jumping aside, it is all over with him. There is much jodeling 
over the break-up or a jam, but only too often does the mass 
of timber fall on the daring man who ventures upon it, and 
but rarely is he fished seriously injured from the flood by 
the help of a hooked pole. In gorges— and there are such 
60 fathoms deep — a man is let down by a rope into the 
‘foaming torrent, and must actually stand on the heap of 
wood. If his comrades do not draw him back at the very 
moment when the logs are set in motion, he will be carried 
down hopelessly with them.” 

In the Bavarian gorges, as has been already stated, this 
dangerous work is assisted by means of galleries let into the 
rockl. 

Once the wood has been carried down to the main floating 
channel, the sweep of logs now becomes the principal sweep 
and floats on to the boom. In the case of larger brooks and: 
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rivers, the wood is left to itself, but if the water is sliiillow, 
assistance must still he afforded from reservoirs. 

Usually the principal reservoirs of the subsidiary streams, 
if they help one another, and flow one after the other into the 
main stream, assist greatly in floating the principal sweep. 
Experience shows how long a flood from a reservoir takes to^ 
reach the main stream, and this period is chosen for the in- 
terval between the opening of the sluice-gates of neighbouring 
reservoirs. In long and weak floating-channels the reservoirs 
of the tributaries are not sufficient to maintain high water in 
the main stream, and in such cases reservoirs should be pro- 
vided along the main channel. In floating a sweep great care 
must be taken that the reservoirs on the subsidiary and main 
channels work together well. As soon as the reservoirs of the 
tributaries are again full, more wood is launcbed and floated ; 
this continues daily until all the wood has been launched 
and has gradually reached the booms, when it is either collected 
in tanks, or taken out of the water, according to the nature of 
the boom. 

Whenever a floating-tdianncd passes through a lake the 
wood must be stop])ed as it enters the lake and towed across it. 
Everywhere foi' this purpose light coniferous logs are used, 
which are bound together by ii'on rings, or withes; they thus 
form a long flv)ating girdle which may be used to suiTound the 
wood in th{^ lake and keep it together. With ibis object, the 
chain of logs is placed in an arc before the entrance to the lake, 
and as soon as it has enclosed as many logs as possible, its 
ends are joined. The raft thus formed is then borne to the 
other end of the lake, either by help of a favourable wind, by 
beasts or manual labour; the chain is then opened and the 
logs floated further down the stream. 

Favourable weather is necessary for this crossing to be 
effected; storms not uiifrequently break up these rafts and 
scatter the logs over the surface of the lake, so that great 
expense is incurred in collecting them. On the Pacific coast 
of North America, and also in Norway and Sweden, where it 
is quite usual to convey logs in those temporary rafts, screw 
steam-boats of light draught are attached to them, or they are 
^ dragged forwards by ropes attached to windlasses on boats 
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anchored in tlie lake. This practice is in vogue on the Tegern 
lake (Fig. 271). The wood floated down the river Weisach 
runs into the lake at a, is hound into teni})orary rafts and 
drawn hy the anchored boat (m) to about the middle of the 

lake, whence the mountain- 
wind blows it to at the 
other end of the lake. The 
rafts which are collected 
there anj opened one by one, 
and the wood floated on the 
Mangfall rivt*r to the timber- 
depot at I'lialham, where it 
reaches the railroad to 
Miinicdi. 

((‘) Completion of the 
floating. - All tlie wood 
wlii(di has been launched 
by no moans floats steadily 
down to the boom. Fre- 
quenily, a considerable per- 
centage of the launched 
])iecos remains on rocks, 
shoals and other inecpialities 
of the channel, sticks und(ir 
its banks, or remains float- 
ing in the still water neai: 
the banks. All this wood 
should now bo set free, 
drawn into the stream, or 
else placed so that it may 
he caught by the next flood 
from a reservoir, or natural 
flooding of the river, and 
carried down to the boom ; 
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this operation is termed after-floating. This work, which 
is often protracted well into the summer, is commenced 
usually from up-stream, but if after all the reservoirs are 
exhausted, or owing to unfavourable weather, the water in the 
channel is very low, only a portion of these stranded 
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logs can be floated ]>efore the succeeding year. In such a 
case it is bettor to begin from the lower end of the channel. 

During the after- floating, but cliiefly when a certain amount 
of progress lias been made in floating off the tail of the sweeps* 
the sunken wood should be fished up, most of it being at the 
lower end of the channel. 

The (piantity of sunken wood depends on the amount of 
drying to which the wood has been subjected before being 
launched, the condition of the floating-channel, but above all, 
the nature of the hanks, the fall and buoyancy of tlu< water, 
the length of the channel, and the species, nature, ami size of 
the floating pieces. Hound pieces sink more readily than split 
pieces, and branches of spruce and silver-lir being much heavier 
than their stems. yield a greater percentage of sunken wood. . 

The workmen use Ww hooked pole to spike the logs or billots 
and draw them to the hank. Fine weather is recpiired for this 
^^ork,and clear waU'r, so that the bottom of the stream and all 
sunken wood may he seen. The wood is collected daily and 
piled in loose stacks on the hank of the stream, and when dry, 
it is cither transported by bind, or sold. 

As soon iis tlie annnul floating is over at\d the sunken wood 
collect(Hl, a repoi’t is drawn up by the same commission which 
acted before the floating. Jn this n^port all legal damages are 
entered vDiich neighbouring properties may have suffered from 
the floating operations, all legal compensation being paid. 
This opportunity also is taken to prepare a list of any damage 
which may have been done to the floating-channel or the works 
attaclif d to it, so that they may be repaired in the ensuing 

SUlllUKU’. 

Section II. - Uaftino.* 

Halting is distinguished from floating by the fact that the 
wood is no longer in single pieces, but is bound together into 
rafts. A quantity of wwd firmly bound together is termed a 
raft- section, and a number of sections form a raft. 

* Although rafting is done rarely by the forester, yet the rafts are made-up 
with withes and cross-pieces that he has to deliver. In certain districts, lugs 
are measured only when they are bound into rafts, and frc(juently a floating 
channel is also a rafting-channel, and has to be prepared with that object in 
view. Forty [ler cent, of thf 14,000 kilomcfters (8,750 miles) of Oerman rivers 
are used for rafting. 
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1. Rafting ’■channels. 

In order that rafting may be possible, generally it is necessar 
that the water in a stream should flow uniformly and gentl ;5 
with only a slight fall. In well-regulated rafting-channels 
smaller head of water is re^juired than in mere floating-channeli 
but the depth must not be less than 2 or 2J feet. Althoug 
rafting may be done more favourably on the lower courses c 
largo placid rivers,* yet sometimes higher mour 
in toK^' ^ thus utilised. In such cases, however, wher 

^e^clmnn^ boulders and has a considei 

Lhle fnll a required than for floalinf 

^or unless ll.e rafts a. «''«*• «« wate, 

jhey will he stranded and ^-T • 

In the latter case, therefore, supplies of water ar 

requisite, and l)oth reservoirs and weirh-.^T 7 yil‘^'^*^^^ along the strear 
are employed to increase the head of water. .J^lSiier are 
either sunken weirs with a long wooden wall in the middle of 
which there is a passage wdiich may be closed, or stone 
overflow • weirs. Eeservoirs are not so valuable for 
rafting as for floating, as they do not concentrate the 
water in a certain part of the rafting-channel. On the other 
liand, this may be done effectively by placing weirs at 
short distances apart along the channel, when the water can 
accumulate between any two ^veirs to the height required by 
a raft. 

Wherever the sections and rafts are made-up in powerful 
streams, a side-channel or basin is required wide enough for 
the logs to be turned and placed alongside one another. In 
smaller streams this is best secured by constructing weirs at 
places with shelving banks. In the upper portion of rafting- 
channels the rafts may be made-up in the bed of the stream 
at any suitable place with shallow^ water. It has been already 
remarked that tanks are used to supply water to rafting- 
channels ; they are preferable to any other mode of strengthen- 
ing the head of water, as they permit rafting to be carried-on^i 
without interruption. 

• In 1883. a raft consisting of eleven sections, each containing ">00 logs, and 
800 ft. long, was towed 0(X) miles from St. Johlf in New Brunswick to New 
York in ten days by two powerful steam-tugs. 
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The constant struggle in Germany to extend and improve 
commerce by reducing the cost of transport is now directed 
chiefly to the work of improving moderate-sized rivers by 
canalisation.* This cannot but have considerable influence 
on the rafting of timber and on the dimensions of the rafts 
and tlieir mode of conveyance, etc., and arrangements should 
be made to allow sufficient way through bridges, locks and 
sluice-gates for the rafts. Accordingly, through the canalisation 
of the rivers Main,^ Neckar, Saale, etc., timber-rafting will be 
more and more extended to the lower courses of these rivers, 
if by forming suitable collecting-places out of the reacli of 
floods and spacious tanks in which the rafts can be made-up 
and through w'hich they can pass, the construction of large 
rafts is rendered possible. P"or if the rafting business is to be 
conducted on a large scale, spacious timber-tanks at central 
places to which rafts converge dowui the smaller str(5ams are 
indispensable. 

2. Ihifis, 

Raft-sections and rafts are made-up in various ways in 
different countries, the chief difference between them being 
due to differences in the kind of wood to be rafted. All wood- 
assortments may be rafted. At present, however, in Germany, 
Austria, Hungary, Russia, etc., only logs and sawn goods are 
rafted. Sawmill-butts are floated chiefly piece by piece, and 
even rafting firewood across lakes has been abandoned in 


* j Inland navigation in France in lOtMi : 


miles 


r>,211 can.ali8ed rivers. 
3,8‘,rt ranals. 


All but 47.'> miles of canals are in the hands of the State*, and those are to bo 
taken over. Trallic in IHDo, 27A7ii.W)4 tons. Employment to 27,tK)(l men and 
women, and 13,000 children, 

Uuilding materials... ... 32 per cent. 


Coal and coke 
Agricultural produce 
Firewood ... 

Iron and steel 
Manures 


2K 

13 

n 

n 

0 


In Britain many of the canals are in the possession of railway -com panics, 
and their competition is discouraged, while railway-rates on timber are exces- 
sive. Time is not important in timber transport, and the timber is seasoning 
while it is in barges on canlis. Free competition and extension of canals 
would benefit producers of timber greatly.— Tr.j 
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favour of the mode of floating with a chain of logs explained 
on p. 105. Wherever on large rivers the floating of firewood 
is not allowable, it is conveyed in barges,^ or as ballast on 
tinibor-rafts. Ijogs are bound together by means either of 
withes or poles. 


(a) Eafts of Logs. 

i. haft -sections ma^c up u'itli Withes. 

A v(iry convenient method of binding logs into sections is 
by means of withes. First the logs are stranded, being rolled 
along two pieces of wood gently inclined into the water, and 
arranged as in Fig. 272 ; the triangular holes are then cut in 
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deeply with a special hatchet. The corresi^onding holes 
{a a, a a) tire then completely bored, and the logs pushed 
back into the water and tied firmly in nift-sections by strong 
withes. 

These withes are generally sitruce branches, or dominated 
spruce or hazel saplings, which have grown for a long time 
luidor the shade of larger trees ; they ar(^ first baked in ovens 
and then twisted, their thick ends being hold by a special 
contrivance. The withes are from 1 to 0 centimeters (J to 2 
inches) thick, and their preparation for sale in many districts 
forms a special trade. On the Vistula, ropes made of lime-bast 
are used for tying the logs. 

The number of logs which are bound-togetber into a raft- 
section depends on the breadth of the rafting-channel, and ir 

* specially low, broad barges are built for tbe purpose on the Danube anc 
other rivers. Those from Russia are 20(1 to 250 feet long. 
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certain cases on the width of the openings in tlie weirs. 
Usually the thicker ends of the logs are placed at one end 
of the section and their thinner ends at the other. Tn fostening 
the withes care must be taken to give the logs sufficient play 
HO that at any rate each log may be able to move slightly 
in a vertical' direction. This is absolutely necessary for 
watercourses with numerous little rapids and with me.inahties 
in the bed of their channel, as each section is then better able 
to accommodate itself to the uneven sin face. 

On the channels with an even flow, and on the larger streams 
and rivers, the logs are fasU'nod together as follows, with 
rigid raft-sections. 

ii. Rall-xct-liiiiis (ufteni'd irilh Vdn. 

This second mode of making up raft-sections is shoun in 
Fig. -27:1 ; it is much more common than the former method. 



Kiir. Ki.sri<l raft-soctioii with l»olo. 

and is in use on nearly all steadily flowing rivers, the Spree 
Saale, Oder, Elbe, Main, lihine, etc. The logs are landed anti 
bored through at a h and d r, Fig. 274; they are ther 
returned to the water and fastened to a pole {m n), as in 
Fig. 273. Generally beech poles are used, but also spruct 
and silver-fir poles. The poles being placed over the ends o 
the logs which are to be fastened and between the bore-holei 
in them, the thin end of a withe is passed through a h ove 
the pole, and then into c. The thick end of the with 
gets jammed in a h, and the thin end is fixed in c d b; 
means of a \^oodeii wedge. Instead of withes, the poles ma 
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be fastened to each log by iron nails or clamps. In this 
method the raft-section is a rigid body, and no independent 
motion is allowed to the individual logs. 

This mode of fastening has the great advantage, that the 
logs are much less injured hy the bore-holes than by the 
larger holes made in tlie former case. In that case, the ends* 

of the logs must he sawn off, whilst 
when the pole is used, the bore- 
hole can be jdugged eventually 
with a ])iece of wood and the 
whole log heconu'. utili sable. 

In powerful streams with 
numerous rapids, as in the river 
Tsar, the poles or planks are 
sometimes let into the logs. The latter are grooved at their 
ends, HO as to admit the plank, and then fastened to it as 
before. The raft-section thus fastened is more rigid and 
stronger than without the groove. In Moravia, only the 
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outer logs are grooved, and trenails are used to fix the 
plank to the logs (Fig. 275). 

The first condition for rafting is that the wood to he rafted 
is lighter than water, which is the ease with all German woods 
except oak. Whilst, therefore, all other woods may be used 
alone to form a raft, oakwood must be mixed in rafts with 
other species which are light and will support it. For this 

♦ These separate ends of floated logs are used in many places for pavine 
stables. ® 


ftAfTINO. 

lurpose couUerouB wood always is used, and is distributed 
,mong the oakwood in the raft-sections, so that they may be 
weighted as uniformly as possible. 

Poles are used for fixing tlm sections, and are fastened to 
he logs with iron nails. In countries where the necessary 
;oniferous wood is scarce, old wine-casks (on the river Moselle) 
ire used to buoy up the rafts. It should also bo noted that 
iome oakwood will float well, and in that case ralts may be 
aiade-up entirely of light oakwood, as, for instance, well- 

leasoned Spessart oak. i - h, 

(b) Bafts of Sawn Timber. — Of sawn timber, it is cine j 
boards, planks and battens that are transported in rafts. 
[In India, rafts are made-up 
of logs, railway-sleepers and 
other scantling, and bam- 
PooB.— Tr.] Boards are 

fastened together in various 
ways in dittereiit countries, 
one of the commonest srii.— i‘iiinU raft-auction, 

methods being as follows:— 

Ten to fifteen boards are fastened together on a bank of the 
streiun, and six or eight* such bundles of boards so placed that 
the two outer bundles {a a) project beyond the others (l‘ig.‘27b), 




Fig. 277.— “Vertical” Hcction oE Fig. 27<;. 


and besides, the lowest board of each bundle projects about 
40 centimeters (16 inches) beyond the other boards. This is 
done, BO that in making-up a raft out of the sections the latter 
may dovetail into one another. The six or eight bundles are 
now fastened together by means of two or more pairs of poles. 
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and one of each pair (in m) being placed above the bundles and 
one (n n) below, transversely to the raft-section, tlie withes are 
fastened round these poles, which thus enclose all the boards 



Kii?. 27S. — riiioii »)f M'l'tioiiN lo inriii a raft 


ill the raft-section (Fig. 277). Sucli a. section is (piite rigid. 
The raft-sections fastened together on the huul and slid into 
the water are then hound into rafts as shown in Fig. 278. 



FijX. 27l>.— Methud ol plauk^. 


The sections A, B, (\ and J>, are not dovetailed together by 
their projecting borders, but long slender spruce poles (Figs. 



section to section, and thus allording rigidity to the whole 
raft. 

Another mode of binding rafts is shown in Fig, 279. The 
bundles of boards are tied with withes, but each withe passes 
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through that of the neighbouring bundles, so tliat the bundles 
are slightly bound together. The raft-section (Fig. 279) being 
thus made-up, a pole (a h) is fastened to it by the wedges 
(m m m). In the method of making-up rafts of boards, as 
shown in Fig. 280, the bundles of boards are fastened one 
below the other, poles being used for the purpose, as in Fig. 
279. This method of ratting requires deeper water than the 
preceding ones. 

(c) Method of making-up Rafts. — Several i*aft-sections are 
fastened together to make a raft. Tliis is done oithoi by 
attaching the ends of the sections together* by withes, leaving 
them sufficient play— an important point in long rafts and in 
floating channels with sharp bends ; or the sections are bound 
firmly together with withes, as is the practice on the rivei 
Kinzig, BO as to make a rigid raft. The spruce poles, as shown 
in Fig. 277, are used also for fastening the sections together. 

In binding the sections into rafts, the lightest ones are 
placed in front at the head of the raft, and the heavier ones 
behind in the tail. The more attention must be paid to this 
rule, the moi*e rapid the stream of the rafting-channel, for the 
light sections iloat more freely than the heavy ones, and were 
thti latter placed at the head of the raft, they would be pressed 
upon by the lighter ones, and the latter would even press the 
heavy ones down and mount on to them, rendering the 
management of the raft impossible. 

It is a rule that each section should bo formed of stems 
equally long and thick ; if the sections are small, containing 
five to eight logs, the bases of the logs are all put together 
at one end of the section, and their tops at the other. \\ here 
the sections are larger, and the logs markedly uncylindrical, the 
butt-ends and tops of the logs are placed alternately side by 
side, in order to give the raft-section a uniform breadth 
throughout. Such raft-sections are united more easily in a 
raft. 

8. Dimensiom of Ua/ts, 

A distinction is made between rafts only one section broad, 
the sections being placed one behind the other, and large rafts 
formed both in breadth and length of many sections. The 
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ormer class of rafts is in use in the upper and middle Courses 
)f rivers and brooks, whilst the latter is employed on broad, 
steadily flowing streams. 

The former kind of rafts may, however, be very long, and 
often consist of from 40 to 70 sections hung one behind the 
other, containing altogether 800 to 500 logs and more ihe 
large rafts, on the other hand, are often 50 meters (160 feet, 
broad and 200 to 250 meters (650 to 810 feet) long, and wer( 
formerly even larger. 


- 4. Mode oj Rofting. 

A raft should be conducted so that it can be guided, its^j.^^ j 
moderated, or it can be stopped at pleasure. On 



Fig. 281.— Kiid section of raft. 


flowing waters, ordinary spreads are used to guide the raf( 
Where the current is rapid the rafts are made long so th 
they may travel slowly, and spreads are hung out behind t 
’ last section to dr 



Fig. 282.-“Brulce for raft. 


along the bottom of t 
channel ; the last sec- 
tion may also be opened 
out as in Fig. 281, or 
a kind of brake is used 
from the last section as 
shown in Fig. 282 in sec- 
tion and Fig. 283 in plan. 


This brake consists of a stout beam (o) passing between two 
poles (5) fastened to the raft by clamps, or withes. The brake 
drans obliquely along the bottom of the channel, whilst it is 
firmly held above between the poles. In this way the p^e of 
a raft may be regulated, and the raft directed through difficult 
^passages and even stopped or stranded. Long heavy rafts on 
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fast streams with a steep fall have always several of these 
brakes on the last raft-section. 

Rafting on shallow mountain streams demands the greatest 
attention and care, long experience of the rafting channel, 
and assiduous, trusty workmen. Men engaged in rafting 
require an amount of skill and daring which only experience 
from their youthful days can give. The workmen on the 
Wolf and Kinzig rivers and their tributaries, in the Black 
Forest, are veritable masters in the art of rafting ; it is now 
proposed to follow a I’aft down one of these rivers. 

The logs are floated down to a boom and sorted along the 
river-bank ; then they are fastened together in its bed into 
raft-sections and rafts. The rafting-channel here is only 3 to 
4 meters (10 to IB feet) broad, with a rocky bed strewn with 
boulders and a fall of 


^ T 2 (sometimes oven 
-J) ; in the worst places it 
is improved somewhat by 
simple weirs, and at the 
time the wood is floated 
has a depth of only 15 
centimeters (0 inches). 
At longer or shorter in- 



tervals there are weirs in its upper course, and sluice-gates 


where its higher tributaries join it. 

The raft, consisting of forty to fifty sections, is made ready, 


and attached by ropes to the shore. The front section con- 
sists of only four small logs, which run together like a wedge 
in front and terminate in a short piece of planking. The 


second, third, and succeeding sections increase gradually in 


width up to a middle width of 4 to 5 meters (13 to 16 feet) ; 
this is attained also by all the remaining sections of the 
raft, except the last, on which are the brakes, and which is 
as broad only as the water in the stream. The sections are 
fastened so that all the small ends of the logs are in front, 


which gives them a fan-shaped appearance as represented in 
Fig. 284. Owing to this form, the raft may be actually 
broader than the stream and the passages through the weirs 
r provided that the latter are not narrower than a 5, as the 
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’wings {a e and h d) of the sections then fold back over th€[| 
rest of the section, recovering their former position as they| 
emerge from the passage. It is evident therefore that rafts for 
floating on mountain- streams must be throughout quite loosely ' 
jointed. Suppose now, the long raft, which is lying in the 
nearly dry bed of the stream and overlaps it here and there 
on both sides, is to be floated ; a few days beforehand all the 
sluice-gates of tributary streams must be closed, as well as the 
sluice-gates on the weirs down-stream, so that as much water 
as possible may bo available in the upper course of the rafting- 
channel. Men are posted out on the hills along the stream to 
receive notices from those in charge of the raft and .pass them 
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n (in Galicia, telephones, of a total length of 50 kilometers in 
ne instance, are used for this purpose). 

While the raft remains fastened firmly by ropes to the banks 
if the stream, the filled reservoirs and weirs up-stream are 
ipened, and the foaming flood rushes over and past the raft. 
Chis flood must be allowed half-an -hour's start ; for the raft, 
nice released, descends the stream quicker than the torrent, 
md should the latter be caught up, the raft w’ould run into 
he dry bed of the channel, and its end- sections overshoot its 
ront- sections, forming a chaotic heap of logs. As soon as a 
iuffioient start has been given to the flooded water, the ropes are 
oosened, and most of the men mount the five or six front- 
lections to direct the raft. All the other sections, except the 
nd ones, are left to themselves, and, as the middle sections^ 
tre often broader than the bed of the stream, the butt-ends of, 
heir wings dash along the banks. Men are placed also on 
he four to six last sections to manage the brakes. The brake| 
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ire used now at short intervals to slacken speed at narrow 
places and dangerous corners, and the men must know exactly 
when the front of the raft will reach a dangerous place so that 
they may apply the brakes in time. When the brakes are 
ipplied, the whole raft creaks and shakes through all its 
cnembers, and the last sections spring up and down according 
ko the inequalities in the bed of the stream. The men with the 
brakes liave hard work to do, for when the brake is withdrawn 
by removing the withes which bind it to the raft, it has to be 
replaced in time for the next dangerous passage. Meanwhile 
3he raft floats so rapidly down-stream that a man running full 
speed along the bank can hardly keep up with it. 

The first flooding of the stream may take the raft down from 
live to ten miles ; then thew^ater runs dry, and the raft lies on 
3 he bed of the stream until sufficient w^ater is collected for a 
second flooding, when the work recommences. Once the raft 
bas reached the broad and deep water below there is no more 
iifficulty about conducting it to tlie junction wuth a large river. 

Only spreads are used in guiding rafts on large rivers. On 
khe Khine different kinds of spreads are used, either spruce 
boards or long logs cut into shape of a ))oard at one end. 
I'he larger kinds of spreads are so heavy that they are moved 
by a number of men, who push them with their shoulders and 
kake several strides in turning them. The men need not leave 
kheir places to move the smaller spreads. The rafts are pulled 
ishore by means of anchors fixed to the shore, and attached 
by ropes to the raft. 

On the larger German rivers, both logs and sawn timber are 
rafted, and the rafts are further laden with firewood, oak planks 
ind scantlings, laths, staves, vine-props, poles and many 
Dther wares, termed raft-ballast (Oblast), 

[On the Brahmaputra and Ganges rivers, heavy logs of sal 
[Shorea rohnsta) and other wood, which will not float in water, 
ire attached by ropes to long poles fastened across large 
buoyant boats ; they are thus floated down-stream. — Tr.] 
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COMPABISON BETWEEN DIFFERENT MODES OF 
TRANSPORT. 

The various modes of transport described above must 
differ considerably in value in different cases. For many 
forests no choice is possible ; the local conditions absolutely 
decide; the mode of transp(u*t. Tn the case of othei foiests, 
especially in moderately elevat(‘d or high mountainous regions, 
several methods may be followed, and the (j^uestion is, which of 
them is preferable? Some of the chief ])oints determining the 
choice of any particular mode of transport for a forest arc as 
follows : — 

1. CouditioHH of LocaViiif. 

The configuration of the ground on which a forest is situated, 
the local climate, the density of population, the habits of the 
people and the method of agriculture followed, all influence 
the mode of wood-transport. In flat or hilly districts, with 
mild winters, dense population and plenty of strong beasts of 
draught, it is evident that throughout the year there will be 
less difficulty in transporting wood in carts or on forest- 
tramways, than in mountainous districts ; tliis is specially 
the case with steep slopes, where road-making is difficult on 
account of the destructive action of water, the number of 
beasts of draught is limited, and snow falls heavily every 
winter. Under the latter conditions, sledging, or a partial 
use of slides and chutes, is to be recommended. For descend- 
ing very steep slopes wire-tramways are best and deserve 
more consideration than has been given to them hitherto. 

Floating and rafting can be followed only where water- 
courses are available. As regards floating, mountain districts 
are more suitable than hills and plains, whore the presence of 
evenly-ffowing streams renders rafting a suitable method; 
rafting is also permissible and actually practised along som^; 
cd t^ie weaker mountain-streams. 
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Although much thought has been exi)eudt‘.d ou tlio advis- 
ability of abandoning chutes in mountainous countries, tor they 
need constant repair and are known to be prejudicial 
as yet they cannot be dispensed with in high inouu am dislncts. 

At the same time, they may be replaced gradually by sledge- 
roads and improved floating-channels. Log-slides a ong 
made roadways, however, will prove always a usetu method 
^ in mountaiiioua districts. In the Alps and other noighbouiing 
countries floating has been always a prevalent mode of trans- 
port, and will remain so for many districts. bloating 18 0 o\\ 

Luch less in the plains and hills of North (lermaiiy, and 
even then chiefly for firewood, whilst rafting is I'^u'sued ex en- 
sively on large rivers and canals. It is much casiei to aj- 
out and use forest-roads and tramways in the plains than 
among mountains, but recent experience in the \()sges md 
elsewhere shows that the fact of a district being mountainous 
need not e.\clude these modes of transport. 

2 . Itood-assortf/icnfif, 

Although every felling-area yields a number of different 
wood-assortments, yet only a few form the groat majority of 
its produce : fre(iuently one single assortment deteimiiies the 
revenue of a forest, and therefore may have a decisive influence 
oil the choice of the mode of transport. Butts “nd hrewood 
may be transported in various way^, hut ogB, “ 

coppice-wood caiiiiol be floated, though suitab e tor knids 

of land-transport, whilst logs form tbe chief object 0 r 

In iiiountainous districts there are many forests that produce 
splendid long pieces of timber, but at 
butts only, the stems being cut into lengths of d to 4 met es 
(10 to 13 feet) for floating, because, rightly or wrongly, the 
forest-owners consider this mode of transport alone justiliab e. 
[In the Jura long logs are transported on splendid cart-ioads, 
Uile in the Vosges sawmill butts are the chief produce and 
are brought down on sledges. Tr.] 

3. Cost of TransjtorL 

The cheapest is also the best transport, if it is sufficiently 
exiieditious and prejudices neither the forest, iioi le woo 
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it produces, in quantity or quality. The cost of transport 
is affected greatly by the cost of construction of the neces- 
sary works, their effectiveness and durability, and the cost 
of their maintenance. It should be noted that the crucial 
point lies rather with the actual current charges for trans- 
port and maintenance of the works, than with the original 
capital expenditure on construction. From these considera- 
tions, however, it cannot be laid down as a general rule,! 
which method will be cheaper, or which dearer. 

If only the cost of construction w'hen compared with current 
charges were to decide the question in mouiitain-districts, a 
well-designed network of cart-roads and slides must be 
abandoned for ever, for such works, especially among high 
mountains, require a very large capital expenditure ; also then 
all ideas of constructing forest-tramways would be illusory. 
Whilst, however, the original cost of other works, such as 
wooden slides or wooden works on a floating-channel, is com- 
paratively low, the cost of maintenance in their case is very 
high. This is also the case as regards the cost of using wood 
instead of stone in works on roads or floating-channels. In 
most cases an estimate of the cost of the works will show, that 
unless the price of wood is very low, the greatest attention 
must be paid to solid construction and durable material. 
Even where the prices of wood in the forest are locally and 
temporarily depreciated, there can be no reason for neglecting 
modern and rational modes of transport, improvement in 
transport being followed always by higher prices. 

How illogical it is that a forest-owner should be frightened 
by the prospect of large initial expenditure on durable means 
of transport, is borne out by actual exi)erience in the case of 
forest-tramways. Independently of the great advantages they 
ensure for expediting the transport of forest produce to the 
centres of the timber-trade, for facilitating the sale of inferior 
assortments, for a rapid clearance of the felling-areas, prevent- 
ing a loss of wood, etc., the transport charges are actually 
much lessened when compared with ordinary cart-traffic, so 
that good interest is obtained for the capital which has been 
invested. In the Grimmnig forest range near Potsdam, the 
^Cost of transporting a cubic meter (S5'8 cubic feet) of common . 
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^Mne timber on the ^ kilometers (12J furlongs) of forest 
tramway is 0-62 mark (Ud.), whilst its cost by cartage is 
1-50 to 2 marks (1». Od. to 2s.). On the tramway m the forest 
range of Barr in the Vosges mountains, the cost of transport 
for a cubic meter of timber or firewood in the year 1889 was 
. 75 pfennigs (9d.), whilst cartage for the same distance cost 
1-84 marks (Is. lOd.). Tlie forest tramway at Eothau in the 
’Vosges may be confidently expected to yield G per cent, on its 
initkl cost, for the cost of transport per cubic meter is now 
1-60 marks (Is. Id.) compared with 4-50 to 5 marks (Is. Gif. to 
5s.) by cartage. The cost of construction of the tramway m • 
Ebersberg forest was very high, in round figures, 20,000 marks 
per kilometer (111, GOO a mile) for the main line, and 1,000 
marks per kilometer (4;S)20 a mile) for the branches (including 
lading apparatus, rolling-stock, etc.). It has, nevertheless, 
been possible to deliver a cubic meter of wood for 31 pteiiiiigs 
(3ii/.) at the nearest railway-station, for which the cost of cartage 
would be about lOd. The cost of constructing 105 kilometers 
: of forest-tramways in certain Prussian provinces averaged 
4-32 marks per running meter (4*. a yard). The tramways in 
the Saxon forest-ranges of Itossau, however, cost 8-95 marks 
per meter (8s. 3if. a yard). 

Water-transport by rafting and in barges on streams and 
canals has been always one of the cheapest modes of transport, 
and so, in many cases, has floating. As regards floating, how- 
ever, the crucial points are ; not too much cost in maintenance 
of works and conducting the business, and especially a con- 
siderable length of floating-chaiinol. A regulated fioatmg- 
channel always involves expensive construction for reservoirs, 
dams, booms, maintenance of the banks of the stream, etc., 
and these consequently increase the cost of floating, the more, 
the shorter is the floating-channel. For the annual convey- 
ance to a distance of large volumes of butts and firewood, 
floating has been always one of the cheapest of methods 
practised; it often repays the cost of constructing works m 


solid masonry. 


4. Los« of Volume. 


The quantity of material loss of wood during transpori 
j,; depends on the conaguration of the ground, the mode o. 

‘'..A - . 
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tMnsport it necessitates, and also on the distance over which 
It has to be transported. In plains and low mountain-ranges 
there can be no question of any loss of wood during cartage or 
8 edging on good roads, or in transport on tramways : this is 

There are also well-regn- 
ated floating-channels on which scarcely any loss of wood is 
experienced. In the higher mountain -ranges, however where 

are imZ!dr“^"J good roads, where the floating-channels 
over lono l-T houklers, and where wood must pass 

over long shdes or be thrown down chutes, it is evident 
that loss of volume is unavoidable, in spite of every precaution 

fuhe\r 1 to 15 per cent.’ 

landing, oi of wood sticking on rocks, etc., or sinking in the 

“IT, “IT" 

Tnna * ^'^ilway-sloepers were stolen from the 

of TnS T llritish terrify ou 

of 100 000 sleepers floated. There is also much sconrage 
oviing to the rocky nature of river-beds, and railway-sleeptrs 
intended to measure C feet by 8 inches by U inches are c“I 
6i feet by 8J inches by 4^ inches to allow for"this — Tr 1 
In order to give an idea of the loss of volume in 'high mono 

.‘?c, jTiz 

Bpring the wood is thrown down chutes (p 278 no 

•>» i.SS'of Jm 

bm nit “*”,t °* •'»“ 2 per cent 

but not more than 12 to 15 per cent for 

bp in..., T. i.” “s; 

1 per cent, on fairly good slides, but if the slides are vety 
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’ steep and combined with chutes, the loss may attain 15 to 
20 per cent, and -more. In transport on sledges and carts 
th^re is loss only when part of the wood is drugged behind 
the sledge as a brabe, and even then tlie loss seldom exceeds 
J per cent. Where sawmill butts are slid on the ground, or 
thrown down-hill, as is sometimes unavoidable, greater friction 
and loss ensues, which is at least 10 per cent. The loss in 
floating varies between 2 and 15 per cent, of the volume 
launched. Since frequently very difterent modes of transport 
are combined, as in the Ramsau forest-range, it is dilVicult to 
assign the amount of loss to any one of them in particuby, 
but on the whole it may be admitted fairly that in land and 
water transport there is 0 per cent, of loss, of which 1 per cent, 
is in land-transport, and 2 per cent, by water. According 
to old observations made at the salt springs of Berchtesgaden, 
the loss in land-transport and floating to tlie timber-depot 
there was 5 per cent, from the Bischofswies, 8 per cent, 
from the Hintersee, Ramsau and Schwappach, 20 per cent, 
from the Kdnigsee, and 30 per cent, from the Roth, a fall 
over a steep incline 000 meters (1,950 feet) high. At present, 
in all these districts, great improvement has been ejected l)y 
constructing good sledge-roads in all directions. 

5. Deterioration in Quality of the Wood, 

The deterioration in the quality of wood during transport 
consists in external and internal damage. 

The former kind of damage may be recognised as soon as 
the wood has reached its destination by a brush-like loosening 
of its fibres at either end, in the case of both butts and fire- 
wood billets. To this may be often added a certain number 
of radial cracks. 

The internal damage is of much greater importance, affect- 
ing as it does the soundness of the wood; land-transport 
cannot have any influence in this respect, but floating is 
held to be a cause of decay, which in the case of sawmill 
butts is often considerable. Provided the floating is effected 
properly, it could not be solely responsible for this, sup- 
posing that it were always possible to take the necessary 
precautions. But frequently this cannot be ensured, and 
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consequently in the outturn of the sawmills there must be^ 
a certain proportion of unsound hoards and scantling. In so 
far, therefore, as floating actually increases the difficulties a^d 
practical impediments in the way of a rational treatment oi 
wood, it is advisable, wherever it is not susceptible of improve- 
ment, to limit its use, at least as regards valuable timber. 


6. lull lienee of Railwayn on the Timber-trade, 

It is easy, from observation of the freight of goods-trains 
which pass through forests, to form an idea of the share thal 
the ordinary railroads of a country take in the transport oi 
wood. By the co-operation of branch-lines and road-railway l 
the meshes of the railway-net are constantly nai'iwing and 
a great and important future is being prepared for facilitating 
the transport of wood by the use of railways, and by uniting 
them with main forest-railways and portable tramways. Plains 
and hilly districts alone can profit fully by these benefits ; 
and although mountain forests, as we have seen, may par- 
ticipate also to some extent, it is chiefly long, gently inclined 
valleys, penetrating the interior of mountain-districts, where 
projects for the construction of forest-railways can be enter- 
tained at present. In general, however, the decisive arguments 
for and against the adoption of a forest-railway are : — whether 
large quantities of wood are available for trade along a given 
line of export, or the produce of a forest has to be distrib^’ 
in detail to satisfy merely local demands; the total^'^^^" 
of the produce in question, which may be 
temporarily owing to damage by storms, insects, 
causes of injury; and sometimes the probable du^ 
the demand for the produce. This last motive may also 
. involve serious danger to the forest, in case the existence oi 
a forest-railway should lead the manager, by over-felling, to 
pass beyond the limits of true forest conservancy. 

It is in the interests of silviculture, especially for the repro- 
duction of the standing-crop, to extend portable tramways as 
much as possible, in order to remove the produce of secondary 


fellings and standards in full-sized logs without injury to the 
young crop, and thus supply a quick and cheap transport oi 
wood from the constantly shifting felling-areas to the nearesi 
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lumber-depot, or to a junction with an ordinary railway-line. 
It is, however, evident that for such a purpose only plateaux 
and plains can be utilised. The introduction of portable 
tramways into the forest-range of Einsiedel-Bebenhausen is 
well worthy of imitation, for there also a considerable saving 
of expense as compared with cart-traflic has rosiilied. 

[British railway-companies are often the owners of steamers 
and of quays at seaports, and therefore in order to attract 
custom favour the transport of foreign timber, by charging 
lower freights than for home produce* from intermediate 
stations. The rates for transport for home-timber are also 
much higher than on Continental railways, as the following 

table shows Por ton })ei' mile. 

in jx'uce, 

England 2*5 

Belgium •() 

France *7 

Germany *57 —Tr.] 

7. Canals. 

In lowlands, canals are even more useful than railways, 
owing to the reduced cost of transport which they involve. 
The network of canals in Prussia is now being rapidly extended, 
and enormous quantities of indigenous and foreign timber 
are carried by the various canals. Canals are now' being 
cbrTstructBd to unite the Rhine with the Weser, and also with 
the Danube and Main {cf. p. 4U9). 

8. Conclusion. 

Facilitating wood-transport by increasing and improving 
the means of communication within and outside the forest 
has become a question of the first importance. Forestry has 
in many places lagged behind almost every other industry in 
this respect. Owing to the situation of forests, transport 

* In the United States of America, owing to cheap acquisition of land for 
railways and rough construction, the capital expenditure is much less than in 
the United Kingdom. Consequently freights for timber are much lower ; and 
owing to the plan of charging by complete car-loads, inRtea<l of merely by 
weight as here, a car-load is hauled for 1,000 miles for 1*2«. or 13#. ]:)er ton, 
more here for 100 miles. 
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from them is most difficult, but this does not relieve forester^ij 
from the duty of making every endeavour to utilise all present 
engineering resources, so as to reduce, as far as possible, the 
present high rates of timber-transport. Apparently the present 
tendency is to curtail floating in favour of land-transport, 
either by cart-roads or tramways. 

Success in carrying out this programme will be justified at 
any rate by the consequent improvement in the quality of 
timber ; its adoption is further enforced owing to the con- 
stantly increasing utilisation of water-power by other indus- 
tries, in most cases incompatible with the use of the same 
streams for floating. Changes in the mode of transport are 
occurring constantly, as sawmills are established more and 
more in the interior of forests. Nevertheless the time is far 
distant when floating and rafting will disappear completely 
from the list of means of forest-transport, and in many districts 
they can never be dispensed with. 



2S4a. — l>e Coulon’s inonoi'ail at Ncuf chateau. 
After Mathey. 
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WOOD-DEPOTS. 

In order to collect transported wood in an orderly way, and 
store it for a longer or shorter period, a site must he selected 
for a permanent wood-depot, from which it may jiass into 
the hands of the wo id-merchant or consumer. Cases occur 
not unfrequently when it is necessary to heep the trans- 
ported wood, especially logs and sawmill butts, in water unti 
it is used, but usually wood is stored on land and kept dry. 

The arrangement of a wood-depot difiers according as e 
wood has been transported by land or water. 

1 . Land’(kpot8> 

Any well-drained area, sufficiently extensive and accessible 
to cart-traffic, will serve as a depot for wood transported on 
carts, tramcars or sledges. In collecting and storing logs. 
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which are to be transported further by the purchaser, all that 
is required is to arrange them in an orderly manner after 
duly considering the available space. If there is p en y o 
room and the logs are to be numbered, measured and regis- 
tered at the depot, they may be arranged as shown in 1 ip Mb, 
or the logs and butts may be placed in three or four layers, 
■ crosswise, one above the other. If there is not much room, 
and no necessity for estimating the volume of Ae wo(^, t 
; logs and butts may be rolled into heaps, as in Fig. 286. in 




, any case, precautions must be taken to keep the logs raise^li 
above the ground, and to secure for them free admission of 
the air. , ; 

If the wood is to be sold in lots at the depot, it should be 
arranged in suitable lots, according to trade custom. 

Wherever logs are to be stored for a number of years, 
it is best to keep them under water, provided they are 
immersed completely, and there is a moderate inlet and 
outlet of the water to prevent its becoming stagnant. Logs 
are then preserved most securely foi- several years from 
decay and cracking, and can be converted readily into planks, 
scantling, etc. If it is not possible to submerge the wood, 
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and large quantities of wood must be stored dry for several years 
(as after insect-attacks, storms, etc.), the grentest care must 
be taken to iaolate them from ground-moisture. Logs, there- 
fore, are barked thoroughly and rolled into parallel rows one 
above the other, in shady places, which are not exposed to dry 
'winds; also the stacks of logs are covered lightly with sods, 
to protect the logs from cracking in dry weather. The wood 
suffers least of all on northern aspects. Under similar cir- 
cumstances, spruce logs keep better than silver-fir or common 
pine, and logs better than butts. 

In depots used for firewood brought by land, only the best 
class of firewood will repay further land -transport. Firewood 
requires the same precautions as timber, and generally fire- 
wood donotn also flhonld ftp fftriAA/i or»4 furnished with a gate 
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Piwhich can be locked. The arrangement of the wood is done 
in a way similar to that in river-depots, which will be now 
described. 

2 . River ‘depots. 

A large number of depots are used for storing wood after 
transport by water, and then arrangements are required differ- 
ing from those described under 
“ Land - transport,” especially 
after the wood has been floated. 

The necessary characteristics 
of a good river* depot are 
immediate proximity to the 
floating-channel ; a site 
thoroughly exposed to air and 
wind ; the soil formed of sand, 
gravel or boulders to a depth 
of at least half a meter (li 
feet)- otherwise it should he 
paved with large stones ; eleva- 
tion of a few yards above the 
highest flood-level of the 
stream, or in case the depot 
is so arranged that the w'ood 
lands itself, a sufficient fall in 
the different basins of the depot, 
that are separated by sluice- 
gates. In many cases it is also 
necessary to include protective 
works against floods, which will 
be described further on. 

Wlierever only a little wood is floated and labour is plentiful, 
generally a sloping bank of the stream above the boom, if 
otherwise suitable, is selected, on which the wood is landed. 
As then all the wood must be dragged from the stream, and 
many men employed simultaneously, the depot should extend 
for some distance along the river-bank and its breadth be 
reduced to a minimum, allowing sufficient room for storing 
and removing the timber. 



a, b Kivers. 
canals. 


er*depot 

Floating 
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It is a good plan to dig a canal from me noatmg-cnannei,^; 
which reunites with it lower down the stream. The land 
between the two watercourses will form a good depot. At the 
point where the canal leaves the floating-channel, the latter is 
barred by a lateral boom, the terminal boom being placed at 
the point where the canal reunites with the main stream. If 
the terminal boom is on a small weir, and sluice-gates are 



supplied to the lateral boom, the wood can be stranded almost 
dry in the bed of the canal. Fig. 281 affords an example 
of this system in the river-depot at Berchtesgaden. The 
floating-channel (a) from the Kbnigsee here joins the rivei 
Bamsau (ft); canals and depots are provided for the wood fron 
the Kdnigsee at <• and and at <•' and m’ for the wood fron 
the Kamsau, whilst the terminal booms are at ft and ft'. Th( 
canals are paved with stone, and the wood is stranded almosi 
dry. 

Side-canals often bifurcate from floating-channels and lead 
^ P^rts of the depot, they again unite into maiQ. cap^s^ 
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'and these rejoin the main floating-channel. In such cases, 
the floating wood and the water are distributed, and the 
pressure on the sluice-gates and gratings, with which each 
side-canal is provided at its inlet and outlet, is as slight as 
may be. In order to attain what is desirable in this respect 
and avoid fracture of the booms and other calamities from 
floods, the main canals and sometimes the floating stream 
itself are provided with outlets. The best and largest river- 
depots such as those supplying Avood for salt-mines in the 
Alps are constituted on the principle of leading the floating 
wood out of the main stream, and distributing it as much as 
possible in the dillerent basins of the depot, so as to reduce 
pressure on the booms and save manual labour in landing the 
Wood. As an example, the newly-constructed river-depot at 
Thalham, near Munich, may be cited (Fig. 280). Firewood is 
floated down the river Mangfall to the boom (a), and hence by 
a side-cut into the reservoir, where the Avood is collected in a 
preliminary manner. Tiie reservoir has two outlets {rn, w) as 
a protection against floods ; at b are tAVO canals, each provided 
Avith booms and sluice-gates, leading to the basins (/ and II) 
where the Avood is received. The basins are surrounded 
by solid earth-dams faced Avith masonry, paved with stones, 
and provided at their entrances and outlets with sluice- 
gates. At the end of the basins are gratings, through which, 
after opening the sluice-gates, the superfluous water can pass 
through the outlets c) back into the river Mangfall, leaving 
the wood behind the grating. By this arrangement the current 
and the floating Avood can be conducted into either basin until 
it is full of wood. In a feAv hours, owing to the sloping nature 
of the bottom of the basins, all the water can be withdrawn 
through c, and the wood left stranded. Then it can be split on 
the spot and removed in a perfectly dry state. The firewood 
thus stored in either basin can be conveyed to Munich, as 
required, by the adjoining railway. Unfortunately this depot 
was injured seriously by a flood, a few years ago. 

The extensive river-depots at Traunstein and other .places 
serAring for timber for saline works are now mostly abandoned, 
but there are still large depots in the Alps constructed on lines 
similar to those of the Thalham depot. As an example, the 
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■ depot at Lana, near Meran is given (Fig. 288). The stream 

’ K coming out of a rocky valley It R brings the wood between 
the strong river-walls rt, a and the long boom m by the 
floating-channel d, d into the depot .r, where the wood is 
stacked at M, The waste-water flows hack into the river. 

In all mountain -streams where floods occur, sawmills, as 
well as wood-depots, are placed in side-channels. This is 
essential, so that each mill may obtain its water-power 
separately and leave the main stream free for other mills and 
for floating purposes. In Fig. 290, the stream A is closed by 
a long lateral boom (m) at the outlet of the mill-steam />. A 



(w) is a second boom with a removable grating, behind which 
are sluice-gates, so that both the water and the floating wood 
may bo under control ; (a, a, a . . .) are outlets. The saw- 
mills (/r, k) receive the butts directly by water; the sawn 
boards are bound into rafts below the mills and rafted down* 
stream. 

(b) Method of Landing and Storing Floated Wood. — As 
^“soon as the wood has been collected in front of a boom, the 
measures taken for landing it must be arranged so that it may 
be brought out of the water as soon as possible. Whenever 
ithe depots are arranged so that the wood becomes stranded 
itself (p. 438), the workmen must be stationed at the 
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various Hluice-gates and gratings, and be instructed carefully 
in the manner of landing the wood. 

Wherever the wood has to ))e dragged up to the depot, 
different methods of doing so are followed for sawmill butts 
and firewood. Butts are either rolled up the river-l)ank, or 
dragged up an ascending slope by horses or by machinery 
worked by tlie driving*\sbeol of a sawmill. Firewood billets 
are either s]>iKed by a floating-pole and thrown upon the river- 
bank, or j)assed from baml to hand by a chain of workmen. 

In some places macbbies are used for landing iirewood. 
Th(!He machines consist of two horizontal rollers, om^ of which 
is alongside the water, and the other up on the hank of tlu^ 
stream. Two chains hound together link by link, and pro- 
vided at short intervals with projecting iron hooks, are passed 
round the rollers ; the billets of wood are then placed on these 
hooks, whilst the chains are set in motion by the ii])per roller 
the liooks ascend the river-bank with the billets, wdiich ' j 
off as they l•(•ach the ui)per roller.*" Tliese machines are 
s])eciiilly useful wiieii the dept>t is situated on a higli, steep, 
slo])ing river-hank, 

3. MrlJtods of StiO'inf/ iy<KKi. 

Tlie landed billets are eonveye.d to the stacking-yard in low 
tramcars (»r wheidharrows, the round pieces being split pre- 
viously ; tliey are then stacked, Ijeginiiiug at a point in the 
depot the furtlu*.st removed from the wsiter. In stacking, great 
cave must he taken not to occu])y loo much space, to leave suffi- 
cient room for ventilation between the different stacks and erect 
the latter in n stable manner. AVith this object, the shicks of 
iirewood are placed in long niws, in the direction of the prevail- 
ing wind, and made as high as their stability will permit. This 
is rarely higher than fifteen to eighteen feet. In erecting a 
stack, first the base is prepared as in Fig. 291, in order to keep 

' Da itio river 11'/. near raa^iu, there are ten of these ujachines which save . 
40 % of tho former cost of muu.,ul hilKmr foi huuling the fiivsN^Kwi. 180 to 200 j 
B tackeU cubic meters (UK) to UO loaUb) of w^hhI can 1 k) riUbCil thus in a day.- 
At Hals, also on the Hz, sinnh'tr imichiiies workwl by steiun-|K)wer are used for . 
raising bulls up to the <it*pot, 8 meters leet) hij^h. Thus the lieaviest Isind , 
of butts are raised. 
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the wrtofl as much as possible from the grouml and prevent 
its deterioration ; or merely two parallel lines of billets are 
laid on the ground, on which the wood is staclied. In the 
damper parts of wood-deiiols, especially in the case of large 
depots where there is not enough fall to allow the water to 
drain-off rapidly from the wood, and wherever the wood is 
Btackecl uliilst still wot, 
this sliould l»o (lone as 
in Fi<4. 

Eacli stiiclv 11 ) list, 1 h' 
finished otT at both ends 
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by crossing the billots to 
prevent it from falling. 

In very long staedvs, it 
is advisable to place 
Homo rows of crossed billets in tboir centre, so as to give more 
stability to the structure. In the case of very high stacks, 
the crossed billots at tboir ends should be connected by trans- 
verse pieces, as in Fig. 2b;b lb-tween any two stacks there 
sboidd be loll a sjiace of at least two feet, to allow for 
ventilation, AVborover, on account of scarcity of space, it is 

necessary to reduce 
the distance between 
the stacks to two feet, 
and the stacks are 
also high, two adjoin- 
ing stacks are joined 
as shown in Fig. 
which greatly adds to 
their stability. Wher- 
ever carts must pas? 
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between the stacks to remove the wood, a suilicient passage 
must be allowed between adjacent stacks for their passage, 
Not unfreqiiently, however, owing to want of space, four tc 
six stacks are crowded together without any intervening space 
as, for instance, at Prague, where the arrangement shown u 
Fig. *294 is followed. 

Where large quantities of firewood remain stored for a lojij 
time at a depot, often a roofing of billets is supplied, as ii 


.m' 


WOOD-DEPOTS. 


Fig, 29S. This excellent mode of Htackhig keeps the wood dry 
without any conHiderahle cost. Wherever, in high stacking, 

the Htack has become higher 
than a man’s chest, stands must * 
]>e used from which the billets 
may be handed to the stacker. 
This is especially the case with 
roofing. Evidently the billets 
should be piled as densely as 
possible, and the walls of the 
stacks made vertical. 

^lany wood-depots in towns 
are intended to facilitate the 
sale of wood to small pur- 
chasers. In such cases the 
wood must be supplied in 
ordinary sale-lots. The stacks 
• then usually twice as high as the billets are long, and are 



separated by uj)right posts, 
measured separatc'ly for each 
purchaser. Whenever the 
sale of firewood is carried on 
in detail, it should also be 
sorted according to cpinlity; 
this assortment of the wood 
is effected as soon as the 
wood is landed, the various 
pieces being brought together 
from all parts of the depot. 
When once the wood has been 
sorted and stacked, the stacks 
are numbered and measured. 

Wherever firewood is piled 
in mixed stacks w ithout 
separation into sale-lots, the 
measuring is done simply by 


In other depots the wood is 






Fig. 294. — High stacking of firewood. 


taking the length and height of each stack ; where the billete 
are crossed, a deduction must be made from the volume, thf 
amount of this deduction being ascertained by experiment anc 



vr 'jDfcwywif «'»■:. 

Iveraging the seventh or eighth part of the length of each 
stack. Wherever the firewood is arranged in sale-lots, its 
measurement consists simply in counting the latter. 

4. Registration of the Receipts oj Wood at a Depot. 

It is quite obvious that in all wood-depots an account must 
be kept of all the receipts of wood both as regards volume 
and quality. The volume of the timber and of the stacks of 
firewood is ascertained in the usual manner. A further allow- 
ance has, however, to be made for the loss incurred during 
the transport of the material, which also naturally involves 
measurement of the wood before it was transported. Wherever 
wood has been transported carefully by land, the loss is either 
inconsiderable or absolutely nil, but when wood has been 
dragged over rough ground, or thrown downhill, etc., there 
may bo a considerable loss of volume during transport. Loss 
during transport by water also may vary between 0 and 10 or 
12 per cent. It is obvious also that the volume of the sunken 
wood which has been recovered should be deducted from the 
lo.ss during lloating, and that any losses occasioned by careless 
land-transport previous to lloating must be excluded from loss 

due to floating atone. . a 

The following circumstances influence the loss of lloating 
._the condition of tho works on a floating-channel ; its 
length; the kind of wood floated and its comparative diyness, 
the manner in which tho wood is stacked in the forest, and in 
the depot ; the question whether wood has been brought down 
, to the launching place on slides or roads ; also extraordinary 
occurrences such as floods, theft, etc. 
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DISPOSAL ,AND SALE OP WOOD. 

The disposal and salo of wood ineliidos all the transactions 
l)y wlii(di wood pass(‘s directly or indirectly into the hands of 
the consinner. A distinction is made between the disposal of 
the wood, and its sale, as two (piestions ar(‘ i)endinjj; : to whom 
in the first place shall th(i wood he delivered/ then, how 
shall this he ellVcied ? 


Sfction I. — DisrosAE of Wood. 

Accordiiif^ lo tlu' nature of the ])roduc(^ of a forest, the 
demands made on it, and the various intentions of its owner, 
diilerent destinations may he ^dven to the converted wood on 
a felliiif^-area. The diauands on the forest are of a double 
nature : tlu'y arc either le^al demands which limit the freedom 
of tlu' owner in disposing of his produce, as in tlie case of 
forest-servitudes, contracts, etc. ; or the owma* is absolutely 
free to dispose of the produce according to his own wishes. 
In the latter case the (pio^tion aris(‘K, whether the forest-owner 
will h(‘. disposed to consider the retpiirements of residents in or 
near the forest: or will merely study his own direct interests, 
a very different matter. It is obvious that in both these cases 
ho will consiihu* first of all wlial \M)od he requires for his own 
Bpecial wants. 

As all these different modes of disposal of forest produce 
remain about constant year by year for a separate unit of forest 
management, there is generally no difficulty in subdividing the 
annual yield of a forest according to certain fixed heads, which 
must now be considered svriatitn, 

L IfVjocf dr/irrmf to Uhjht-hohlcrs, 

Wherever a forest is burdened with wood-servitudes, the right 
holders have the first claim to the produce of a felling-area. 



RIGHT-HbLBBBS’ WOOD. 
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The legality of all claims for wood, as a right, must he proved 
first by reference to the map or record -l^ook of the forest 
rights; this enquiry is often a serious }>usine8s when the 
right-holders’ wood has to he distributed in small lots among a 
number of persons. In such cases, in many districts, fixed days 
are assigned for the right-holders to attend the forest-mamiger 
and make a declaration of their demands. This declaration 
must be examined, rectified, and if needful referred to the 
superior olficials for confirmation. Every delivery of wood to 
right-holders must he made on jiresentation of a written order 
from the forest-manager, and a receipt for the wood must be 
given by the right-holder. 

If tlie right is to firewood, the quantity and quality of the 
wood being stated, the forest-owner is least seriously alTected 
by the right ; and in the next degree, when the right is to the 
kind of timber ])rcvalent in the forest. If, however, tlH'. right 
is to all wood of a certain class, for instance, all branches and 
round billets, ail the brushwood or stump-wood of a felling- 
area if also the quantity deixnuls on the maimer in which the 
wood is convei ted and sorted ' the distribution and siipijrvision 
of the right-holders’ wood becomes more arduous, aial often 
involves complaints of short measure from the right-holders. 
Great care must he, taken during the conversion and sorting 
of the produce; wherever also the dimensions of the right- 
holders’ wood are given precisely in the statement of rights 
this must he attended to carefully during the conversion 
The most hurtful rights are those that are not fixed ii 
quantity, hut only by the reqiiiremeiiis of the right-bolders 
If such rights to firewood should burden a forest and no legal 
definiiion can be obtained of their extent, an annual com- 
putation must he made of the volume required by each right- 
holder, or for each class of household. This burdens the 
manager with a tedious undertaking, beset with all kinds of 
difficulties. 

: Deliveries of building-timber to right-holders are of a 

^ similar nature. Such a right can be limited only to the actual 
‘ requirements of the right-holder, according to the number and 
dimensions of the buildings in question. It is the duty of the 
J ^ forest officials to ascertain carefully the actual requirements of 
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material for repairs or new buildings, whenever a demand for 
building-timber is presented. If the demands of the right- 
holders are silpported by estimates made by trustworthy 
builders the forest-manager is spared much trouble. Deliveries 
of wood for implements or industrial purposes are also arranged 
similarly. 

2. Wood delivered to Contractors. 

Frequently a forest-owner is under agreements, more or 
less binding, to supply wood to neighbouring industrial works; 
such as iron-foundries, smelting-furnaces, sawmills, factories 
for furniture, pyroligenous acid, wood-pulp, etc.; or to 
contractors or wood-merchants. Whei'ever the manager is 
bound to deliver a certain volume of wood to such establish- 
ments, their claims must be satisfied after those of the 
right-holders. 

As a rule, except after some extraordinary calamity such as 
a storm, snowbreak, etc., the manager is not bound to deliver 
any fixed quantity of wood to a contractor ; but an agreement 
is made, to deliver to a factory or a wood-merchant all the 
material over aft(‘r salisfying the local demand, or all the 
wood of a certain class, such as round billets, etc. Whether 
or not a forest-owner should undertake such contracts, 
especially in the case of timber, depends chiefly on the 
market there is for his wood. In extensive forests which are 
not opened-out sufliciently by roads or other means of com- 
munication, managers of industries which utilise wood, and 
wholesale wood-merchants, are often the only purchasers ; 
the forest-owner is then willing to submit to an otherwise 
; burdensome agreement, in order to increase the forest 
revenue. Wherever there is a good competition for the 
wood, there can be no reason for contracting beforehand foi 
its disposal. Not unfrequently, however, the possibility of t 
good sale of timber, even in the forest itself, depends on the 
maintenance of such industries, especially sawmills, whicl: 
consequently do not reduce the prices of wood. This is due 
to the fact that sawmills favour the transportability of wooe 
and convert it into actual merchandise. Even in this latte: 
case it is advantageous to the forest-owner, who wishes t< 



support such industries in his forest, to bind himself only 
partially. Thus it is advisable to make contracts for two or 
three years only, and especially when trade is slack. 1 inally, 
in deciding the terms of a contract, great care and fore- 
sight must be shown by the forest-owner, or his interests^ 
will be prejudiced seriously, as long experience has proved.* 
Wherever it is possible, the owner should not guarantee the 
quality and volume of the material to be delivered; if 
certain assortments are to be supplied, they should be only 
such as are prepared usually in his forest, otherwise it is better 
to abstain altogether from a contract. 

3 . Salisfiictioii <;/■ ihc lleqiiiremnils of the Foimt-Oirncr. 

Every forest-owner requires wood for bis own use, whether 
on a large scale or not ; after satisfying the demands of right- 
holders and contractors ; therefore he will consider what are 

hitt ONvn requireineiitH. 

A private owner of forests requires lircwood, liiulding 
material and wood for gate-posts, fences, etc. if be owns 
any works, the wood necessary for them should be supplied 

Municipalities and Communes owning forests require fire- 
wood for public offices, schools, etc. ; they also grant firewood 
free of charge to scbool-iustruclors and ministers of rel^ion; 
timber for repairing churches, public buildings, etc. ; fanally 
every household has to be supplied with firewood and building 
material according to its requirements. 

The State, as owner of forests, may he expected to supply 
firewood and timber to meet the requirements of the Forest 
Department, of its mines and smelting furnaces, of the Public 
Works Department and other public bodies. 

(a) The requirements of the Forest Department. -Wood 
is required for forest departmental purposes, for fencing 
nurseries, parks and lands occupied by forest officials, but 
especially for the construction and repairs of departmental 
buildings, woodcutters’ huts, roads, bridges, slides, etc.* 

• [AH wood used in tliis manner should be shown separately ui the i»(jisteni 
tomi profiuce.— Tr.] 
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(b) Wood required for Mines, Smelting Furnaces, etc.- 
^hero works of this nature are very extensive and requin 
annually for tlunr maintenance the yield of entire forests, i 
«v’aB formerly the custom to assign the management of a 
Bufticient area of forests to the administration of the works, 
in order that the forests might he managed purely in their 
interests (such forests are termed in Gorman, Saalforstf 
Mo)\ianforiit^ or linientiffoml). Exj>erience has, however, 
shown that such an allotment of (mtire forests to mines, etc., 
has not resulted in any benefit to tlie forests; on the contrary, 
in some cases, they have been thus destroyed, korests have 
tlierefore, recently, as in Ihivaria, been withdrawn from the 
administration of tin; mines ; the necessary wood is now 
furnished to them by the i^'orest Department.'^ 

(c) Wood required by the Department of Public Works. 
— The re(|ui remen ts of llui ihihlic Works Do[>artment for 
rectifying river*hanks, for railways and less frequently for 
public buildings, gave rise to similar assignments of forests 
(sucli as coppice for growing fascines) to that department, with 
this obj(K;t in vi(iw. Experience has shown that it is disad- 
vantageous to the State to deliver timlK'r for building purposes 
to the i)ul>lic w(»rks oHicials from tln‘ State forests, the 
procedure being uneconomical and inimical to the State 
budget. lOvtm forest buildings do not form an exception to 
this rule. 

[As the French Navy has still tln^ right of preemption of 
wood, chielly oak, in the k'n’iich State forests, a short account 
of the procedure in such cases ^^ill he useful. Eoyal ordi- 
nances dating from a.d. DU8 allowt'd the French Navy the 
right of pretaiiption of wood in all the forests of France, 
whether private or otherwise, agents being sent by the naval 
authorities to mark trees in the felling-areas. This right 
continued up to 1H88, when it was abandoned (with, how- 
ever, the power of resuming it if necessary) in favour of 
purchasing the required wood in the open market. After the 
latter procedure had been in force for 20 years, the right of 
marking suitable trees in the State forests was resumed by the 

* [A similar case is the Kumaon Iron Mining Tompany’s Fomt Grant, in the 
N. W. Provinces of India, which has been resuuneil by the State.— Tr.] 
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Navy in 1858. In 1866, rules regarding wood for the Navy 
were framed by the Forest and Marine Departments, and may 
be summarised as follows : — 

Before the trees are marked for felling in any State forest, 
the agents of the Navy mark with a circle of oil paint any 
trees whicli they may consider suitable for naval construc- 
tion, in compartments where fellings are in progress. These 
trees are then marked for felling at the usual time Jind in the 
same way as the other trees in the felling- art-as, but with 
special marks. All the marked trees are sold standing, as is 
usual in Franco, but the purchaser pays only for the crowns 
of trees chosen for the Navy, excluding any boughs which 
have been s[)ecially reserved. lie then fells all the trees, but 
a naval engineer examines those stems which had been 
specially marked for the Navy and then proceeds to convert 
them into the neiajssary pieces and remove them to a sea-port. 
The price is fixed for a period of live years at so much a cubic 
meter, and a current account kept between tlie Navy and 
Forest Dci)artment. Bopj)e, op. cit., p. 2*28. — Tr.] 

(d) Wood required for Floating-Channels and Wood- 
Depots. — Formerly it was considered ihe duty of the State to 
maintain largO lirewood-depols in districts where there were 
no forests, and to coJivey the wood there at its own charge. 
In order to carry-out tliis object a special floating department 
was organised, to which the necessary volume of wood was 
delivered from the (Teriuan State forests. Since means of 
communication have been extended and with them the trade 
in firewood, the necessity for the department has disappeared, 
and it has been abolished. 

(e) Wood required for Sawmills. — There are several 
German States and Communes owning sawmills, the manage- 
ment of which is more or less independent of the Forest 
Department. (For instance, Brunswick, Alsace and Lorraine, 
Hanover, Baden, etc.) 

(f) Wood given to Privileged Persons (Ikputatholzer ). — 
Under this heading comes wood given as part of the salary of 
Government servants; in some States, as in Mecklenburg, 
inferior firewood is given gratis to the poor. 

Special orders are given by superior authority to the local 
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lorest officials as regards the delivery ot wood of the differeni 
c lasses referred to above. 

4. Dispoml of Wood hy Sole. ' 

All wood which is not required under any of the above 
headings will be sold. The next section describes the different 
inodes of sale, the only point of interest here is into what 
hands the wood should come after being sold. A distinction 
is thus made between satisfying local demands and sale of 
wood to traders. 

(a) Satisfaction of Local Demands. — Care for the protection 
and hmding of his forest often will lead a forcsl-owmer to con- 
sider, first of all, the recpureinents of people living in or near 
the forest. As this can he done only to the extent of their , 
own absolutely necessary re<purcments, it will suffice, if, as a ^ 
rule, the less valuabh^ assortments are set-aside for this 
purpose; usually only inferior assortments of firewood and 
building timber are sold thus in a marhet limited by the 
exclusion of wood-merchants. Whether or not the State will 
undertake to satisfy local demands on a large scale depends on 
its vacillating inter[U’etation of the laws of national economy. 

(b) Sale of Wood to Traders. — The sale of wood to meet 
local demands is opposed to its sale to traders, as then an 
open market is understood. When once a forest-owner has 
satisfied local demands, his desire to sell the rest of his 
produce at the highest price attainable is distinctly to the 
advantage of his forest. It is chiefly the l)est timber and 
wood with which the forest-owm^r can speculate that can 
be exported with profit to a distance. I’^or very many forests 
the mode of treatment and conversion depends on the timber- 
trade, and many forests can be worked only with the help of 
the wood-merchant, local demands being small and easily 
satisfied. Disposal of wood for trade purposes is therefore in 
most forests the most important mode of utilising them. 

5 . Losb of Wood, 

I Cases occur where wood already registered as received may 
V be lost, for instance, by tire, theft, etc. The possible loss of 
: wood is therefore a mode of its disposal. 
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Sbction II.— Sale of Wood. 

Wood, liie every other raw material, is an object of trade 
and is sold in various ways, the pro and contra of which will 
be described here. As, moreover, every forest -owner desires 
to obtain the highest possible revenue from his forest, and 
this is chiefly determined by the price he obtains tor his wood, 
the question arises as to the general trade-princip es govern- 
ing the sale of wood, in order that this object may be allainod. 
The modes of selling wood may be distinguished in ' 

first the form in which the wood is offered for sale by the 
forest-owner ; secondly, the different kinds of sale, depeiuhiig 
on the manner in which the price is determined. 

1. Forf/f ift ^vhich is Sold. 

Wood may be sold either by detail after conversion into 
logs, stacked fire«ood, etc. ; or by standing trees. 

(a) Sale by Detail. 

Sale bv detail follows after the tolling, coiivorsion and 
removal of the wood to a forest-depot, which opera turns ha^ 
been efl'ected by a body of woodcutters engaged for the woik 
i j the forest-owner. The wood is sold in larger or smaUer , 
lo^s, or by the whole volume of certain assortments, according 

to the kind of sale in question. , , , !„,« 

Sale by detail is the most rational mode of sale as the lo s 

have been estimated in quantity and quality an 

can be determined accurately. “ tf 

certainty of recovering from the purchasers al t • 

felling, conversion and removal of the material. 

there is a fair demand for wood, this is the usual niode of 

sale in Germany, Austria, Hungary, Switzerland and som 

other European countries. 

(b) Sale of Standing Trees. 

The sale of standing trees involves ttie sale or 
■ fijraiinn of the price, before the wood is felled. S 
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imply the sale of the fall of timber on a felling-area for one 
year, either by single trees, or by a part or the whole felling* 
area ; or of the principal yield of a forest for a term of 
years. Where the fall of tiinl)er during a single year is sold, 
two methods jire in force, according as the felling and 
conversion is done by the owner, or hy the purchaser. 

i. Side hff IhiH iff I*r(uluu\ 

Sale by Unit of Produce implies either that the felling, 
conversion and elearance of the felling-area is done by the 
forest-owner, or hy the purchaser (a.s in Fi’ance) ; in the first 
case it clostily resembles sale hy detail, dilfei ing from it only 
in the fact that the prices are fixed for i‘.ach wood-assortment 
before the trees are felle.d,also that the purchaser contracts to 
pay at raU's previously agreed upon for all the wood of the 
assurtim'.nts he has bought. 

Such sales are at present frequent in (Germany, Austria- 
Hungary, Switzerland, France, etc. They extend usually to 
the produce of a whole felling-area, and the fellings may be 
of any character, as neither silvicultural interests nor the 
revtumes of llie forest are ])rcjiidiced by the mode of conver- 
sion. As the prices are fixed s(q)arately for eadi wood -assort- 
ment, and for ditb'rent classt's of assortments by the unit ol 
cubic contents (cubic meter), an approximah'ly correct estimak 
of the real value of the yiidd is secured. When experience o: 
the results of former fellings does not guide the owner (b} 
taking percentages) as to the volume and quality of the crop 
the probable produtv^ from each tree should be calculatec 
separately, and an estimate thus made of the volume aiic 
quality of the yield of the whole felling-area. It is, however 
evident that no guarantee should he given to the purchaser o 
the exactness of this estimate. 

Where this mode of sale is ajiplied to single trees (as, fo: 
instance, large oak-trees) and not to entire felling-areas, j 
better forecast of the real value may be obtained. 

[In Franco, where the conversion is done by the purchasei 
all the wood cut and converted is measured by the manager o 
his forester before it leaves the area. — Tr.] 



ii. Convfrmn hy ihe Purchimr. 

AYhon tr^^os are sold standing and the purQbaser undei lakes 
their conversion into timber and firewood, if the seller and 
purchaser are not to be quite in the dark as to the real value 
of the trees, a iniicli more careful forecast of the yield should 
be made than in sales by unit of jiroduce; if this is not 
thoroughly well done, the forest-owner will certainly come out 
of the business at a loss. 

These sales way deal with all the standing trees on a 
felling-area or on a demarcated portion of a folling-arca. In 
such cases, the estimate of their value depends on an accurate 
survey of the area, ami a calculation of the average yield of 
an acre, which is possible in ihe case of homogeneous woods, 
such as pure coniferous even-aged woods, or coiq'ice. ih®'' 
care must bo taken, in case experience of the yield of smnlar 
fellings is not available, to make use of every assistance which 
the dllTorent methods of valuation can afford. Generally, 
in Russia, crops of standing trees are sold by area [and so is 
coppice in England. — Tr.] 

If, however, the sale is only of certain marked trees en a 
felling-area, the ])rol(!ction and tending of the forest may be 
endangered much more than when the sale is by area. This 
is specially the case in regeneration-fellings or fellings by 
selection, and in those of trees standing over poles. This 
mode of sale may, however, be applied advantageously to 
standards over coppice, or to isolated largo trees in middle- 
aged high forest, or in forests where the trees are far apart, as 
in Russia. It is more admissible for conifers than for broad- 
leaved species, as the real value of the former may be forecast 
more accurately than that of broadleaved species, which so 
frequently suffer from internal defects. 

Here and there, material of little value, the conversion 
of which would prove too costly for the forest-owner, 
may be sold en masse, such as stunted wood on waste 
land, inferior pollards, stumps of trees which are difficult 
to uproot and split, etc. A purchaser who estimates his 
own labour at a low value may find a profit in purchasing 
material. 
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iii. of Ihe Yield of a Fores! for a Term of Years, 

The two preceding niodcfl of sale involve the sale of only 
one year’s fellings in a forest, but not tlie lease of the annual 
yield of a forest for a term of years. This was formerly 
almost the only mode of sale in the vast Austrian mountain- 
forests. During the eighteenth century, nearly all extensive 
works using wood obtained the assignment of adjoining 
forests for their exclusive use, sometimes with the sole 
stipulation that the management of the works should remove 
all the trees in a forest during a rotation, on undertaking to 
pay all ih(‘ costs of maintenance of the forest. This privilege 
was tevnuid Kohhvi<hnHn<j (charcoal concession), and implied 
the right of the works to take so much charcoal annually front 
the forest. Such concessions of forest produce are made no 
longer, Imt leasiw of forests for terms of three to ten years still 
prevail, cliiedy in Ihissia, Sweden, West and East Prussia, in 
some provinces of Austria-Hungary (Moravia, J^ohemia, etc.), 
Switzerland, etc. The price is then fixed by formal, written 
agreement. Some of the older concessions are not yet 
abolished, in spite of repeated endeavours on the part of the 
German Forest Departments and of private forest-owners. 

iv. (teueral Remarks. 

The chief point to be observed in all sales of standing trees 
is to decide the reipiisite silvicultural and protective conditions 
and to word them clearly ; a thoroughly detailed description of 
the matt'rial to be sold should also bo given. In France, lists 
of trees to be sold standing are publislied in jiamphlet-form 
giving all the sale-lots on the felling-areas of a single forest 
range {insjartim) for a whole year. 

[In these French lists, besides the number and species ol 
trees in eacli lot and their cubic contents in timber and fire- 
wood, a list is given {cahier drs eluirges) of all the protective 
works to be done at the expense of the purchaser, such a« 
pruning, planting-up blanks, repairs to roads, etc., togethei 
with estimates of their cost. Strict general silvicultural anc 
protective rules for the conduct of the fellings also are printed « 
each pamphlet.— Tr.] 
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In Anstrift, also, much acuteness has been shown in devising 
the conditions of sale of standing trees. 


2. kiiiih of Sah\ 

Three kinds of sale of forest produce are in use, which 
depend on dilTereiit methods of fixing its price, namely, sale by 
royalty, sale to the highest bidder and sale by private 
contract. 

(a) Sale by Royalty. 

Whenever wood of any assortment is sold at rates fixed by the 
forest-owner, the mod(^ of sale is termed sale by royalty, or 
sale at fixed rates or tarifiT-prices. 'rhe (•harachn-istin of this 
mode of sale is that the price is fixed hy the seller, the forest- 
owner providing for the distribution of his forest produce 
among its consumers. 

i. .)/«(/(' nf fuinn Wc /■’('//«////. . 

llv the term royalty is meant the present local value, in a 
forest-district, of any wood-as.^ortment, as it is delermitied hy 
the free action of demand and supply in the timber-market and 
in auction-sales. Thu royalty for any assortment is determined 
by taking tilt average price during a recent period for all 
similar wood sold witliin a eorlain district. Tlie larger the 
volume of wood sold in the ()|Hm market, and the narrower 
the limits of time and place within which the average price is 
fixed, the more nearly will the royalty correspond to the 
correct price of t-ho assortment. 

Formerly royalties were fixed on quite different grounds 
from these\ Up to the end of last century it was considered 
advisable— and in some countries this is even still the case— 
tliat the State, at any rate, should sell the produce of its 
fore.sis at moderate rates to the people. "Royalties therefore 
were kept low’ purpostdy,so much so, that they were considei ably 
under current local prices ; they formed the minima margins 
of the prices of forest produce. 

Royalties were fixed for a district by making benevolent 
> estimates of prices, after considering the area of the district 

0 a 2 
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that was under forest, the economic condition ot ttie popula-J" 
tion, the cost of transport, and, finally, the different qualities of 
the wood-assortments. It was, therefore, a mere stroke of 
luck if the royalty was anywhere near the correct price of an 
assortment. IIow little, indeed, this w\as the case, may be 
gathered from the fact that often royalties were fixed for 
entire provinces or small States, and frequently remained 
unaltered for long periods. If the forest officials desired to 
counteract these had results to some extent, they had to 
propose an increase in the royalties for certain special cases, 
and thus att('nipt to reform an evil by imposing a greater one. 
This sysh'iu did most damage in Austria, where certain State 
and private forests w'ore assigned to mines of salt and other 
mimn’als, supplying them with forest produce at prices 
w'hich were for the most part ludicrously low, often so low 
as to cover barely the cost of maintaining the forests. 
In this way, forests \verc deprived of their proper revenues, 
and their maintenance and development were hindered 
unfairly. 

The great harm done to forests by low wood-prices, the 
rising value of all raw material, the constantly increasing 
demands on State treasuries and the many inconveniences 
resulting from the above antiquated ideas in the sale of forest 
produce, have, in most countries during the second and third 
decades of the present century, led to a complete change of 
principle. It is now admitted that the forest-ow’uer, like any 
other producer, is thoroughly justified in selling his produce 
for its full value. 

Even if there can be no question that the price of firew’ood 
depends on tliat of coal, yet to depress it as low as that of coal 
merely on this account is not fair, for there are several other 
intervening circumstances which must not be neglected, such 
as custom, comfort, etc. 

The price of wood varies with time and place, and in order to 
allow due weight to these factors in fixing royalties, different 


tariffs must be assigned to different districts or sale-depots. 
Thus, all places where wood prices are about the same should 
be comprised within a sale-district, excluding places where; 


there are any marked differences in prices. 







'district, or forest-range, therefore, there will ho as many 
tariffs as there are market-values for the same wood-assort- 
ment. But even the very points which liave occasioned the 
separation of sale-districts from one another may themselves 
vary, and render it necessary to alter the circumscriptions of 
the latter. In a similar manner allowance is made for 
periodic variations in wood prices, by revising the tariffs 
whenever a general rise or fall in prices has occurred. Owing 
to the present changeable nature of trade this should ho done 
almost every year, at any rate for sale-districts within the 
reacli of the general trade in wood. As regards very valuahlo 
wood-assortments, tariffs should be revised (iven more than 
once a year, whilst for inferior assortments, longer intervals, 
from two to three years, will suffice. 

Where most of the annual yield of a for(*st is sold lo the 
highest bidder, tariffs are j»repared for the ensuing year by 
taking the average sale-prices in round numbers for each 
assortment, due allowance being made for any abnormal cir- 
cumstances affecting particular sales, or for assimilaiiiig the 
tariffs sutliciently to tho.se in force in neiglibouring sale- 
districts, Whenever the average results of sales to the highest 
bidder do not afford sufficient data for framing tariffs, the 
market-prices of wood in neighbouring towns should be 
utilised also, naturally after deducting the cost of transjjort 
from the forest depots. 

In many cases the forest-range will suffice as a sale-district. 
It may, however, be necessary to subdivide a forest-range into 
two or more sale-districts, i.e., to ff.x: several tariff’s in a range 
according to the difl'eroiit directions in which the produce is 
distributed. This is generally the case with ranges situated on 
the borders of extensive forests, or composed of widely 
scattered isolated forest blocks, and where considerable differ- 
ences of prices result from different transport charges. In 
high mountain- regions, especially the Alps, tariffs will depend 
on the altitudes of different zones of forest; thus, the lowest 
zone, including the valleys, may form one sale-district, the 
middle zone, another, and the highest forest zone, with Alpine 
hamlets, cheese-factories, etc., the third. 

As a rule, royalties include the cost of conversion and 
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removal from the felling-area. In districts where the conver- 
fiion and removal of the wood is done partly by the purchaser, 
two tariffs will be in force, including or excluding the above 
charges. 


ii. Application of the Method of Sale hy Royalty, 

There are districts where, in consequence of admitted rights, 
almost the whole annual yield of forests in firewood is disposed 
of by royalty, either at a full or reduced value ; in other dis- 
tricts this happens in the case of only a portion of the yield 
and no further than sheer local necessity requires. In most 
cases, however, sale at tariff-prices has receded quite into the 
background, and is confined to : cases of unforeseen distress ; 
wood-assortments which cannot be sold to the highest 
bidder ; inferior lots, the sale of which will not repay auction 
charges, or rare assortments of specified kind and shape; 
also, finally, in some districts, to the requirements of the 
forest officials, who are not allowed to bid at auctions. 

In country districts, it is chiefly wood for agricultural 
requirements, such as bean-sticks, tree-props, etc., which in 
cases of considerable demand should be sold by royalty, as in 
this way theft may be prevented. 

It may be imagined, since sale by royalty is at present 
generally the exception, that the fixation of a correct tariff is 
a matter of only second-rate importance. This is, however, 
not the case, for a continual knowledge of the actual value 
of forest produce is advantageous in many ways. Eoyalties 
are the best means of deciding the acceptance of offers to 
purchase wood, or when to knock-down lots to bidders at 
public auctions ; they afford a means of estimating the value 
of stolen produce ; they are indispensable in every kind of 
forest valuation, and in calculating the value of forest rights, 
damage, sale of forest land, or other similar questions, 
and finally in calculating budget-estimates and other state- 
ments. 

Royalties are evidently useful only when they represent the 
actual momentary local value of wood, i.c., its average market 
price for the time being. Unless this can be affirmed of them 
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they are absolutely worthless. It must not. however, be for- 
gotten, that royalties also possess the character of prices fixed 
by authority, and thus often exercise an influence on market 
prices that is not always justifiable. 

(b) Sale to the highest Bidder. 

The next mode of sale to be discussed is, when a purchaser 
offers his wares for sale to the highest bidder in the presence 
of a larger or smaller number of purchasers. The charac- 
teristics of this method are, that the price is fixed by the 
purchasers, and the wares, Le., the forest produce, is divided 
among the cousumers according to their own requirements 
and without direct interference on the part of the forest 
owner. 

Sale to the highest bidder may be effected by public auction 
or sealed tender. 

i. Sah by Public AncMon. 

(a) General Account. — Public auction-sales may be con- 
ducted either by the purchasers out-bidding one another, or by 
putting up each sale-lot at a prohibitively high figure, a public 
crier then calling out at regular intervals successive reductions 

by a fixed sum of this figure for any lot, until one of the 
purchasers signifies his acceptance of the lot at the last figure 
proclaimed by the crier. This latter mode of sale is termed a 
Dutch auction, and in case two or more purchasers accept a 
lot simultaneously, it is put-up for sale to the highest bidder 

among them. ^ 

Sale by successively increased bids is the common mode ol 
auction-sale‘in Britain, Germany, Austria-Hungary, Switzer- 
land, etc., whilst Dutch auctions for forest produce prevail in 
France, Belgium, Holland, Alsace and Lorraine. 

Dutch auctions for forest produce are employed generallj 
only in the ease of valuable timber sold in large lots, and wher 
only a few purchasers are present who are men of means ; thej 
are preferred in Alsace. Wherever wood is sold in small loti 
to a number of small purchasers such a method would be ou 
of place, for the following reasons: it takes much more timi 
..j+Vian whon nurehasers outbid one another ; where there are f 
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i large numoer of, purchasers assembled, only a few of them 
will have the requisite presence of mind to make a bid at the 
right moment ; customary usage may be against this mode of 
sale. 

. [Dutch auctions are preferred in France in the sale of 
' standing trees in the principal fellings, because there are a 
body of large contractors, termed adjtulicataircs, who make it 
their business to purchase the marked trees standing on a 
felling-area, and convert and remove them for sale to smaller 
dealers or industrial enterprises. Tliesc men visit every 
felling-area within their beat, measure and estimate the value 
of every marked tree ; they know exactly what amount they 
can afford to pay for the trees and bid accordingly. French 
foresters consider that Dutch auctions prevent the purchasers 
from agreeing not to out-bid one another ; a purchaser cannot 
know beforehand at what figure any other purchaser will buy, 
and therefore dare not delay too long in his offer to purchase, 

’ fearing lest the lot should fall to another person. In France, 
the felling-areas are subdivided into lots, which are marked out 
on the ground ; no lot should exceed 10,000 francs, £4.00, in 
value. — Tr.] 


(b) Procedure in Aaetiou-Sales of Wood. 

When once the mode of disposal of the produce of a felling 
has been decided, the wood that is to be auctioned should 
be carefully valued without loss of time. Then the date of 
the auction should be fixed, and this, as well as the place ^ 
where the auction will be held, and the list of material to' 
be sold, should be advertised publicly. The procedure of 
the auction itself begins by an announcement of the conditions 
of sale made to protect the seller against injury or loss, the 
lots are then put-up successively at the fixed upset-price and 
knocked down to the highest bidder ; the highest bid is there- 
fore the price of each lot. As soon as the last lot has been 
sold, the auction is concluded by ascertaining the total price 
paid for each wood-assortment and for the whole of the 
produce which has been sold. 

The success of the auction will depend in some measure pit; 
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the place where it is held. This may be eil^her on the felling- 

area or at the wood-depot, or in a building in some neighbouring 
and suitably situated village or town. 

If the sale is effected in the forest or depot, then every 
would-be purchaser can examine each lot, and estimate its value, 
and bid for it with confidence and deliberation. This is par- 
ticularly useful for purchasers when there is a considerable 
difference in the quality of the various lots. 

When, however, in a sale by detail the lots are scrupulously 
assorted as at present in many forests, the buyers are accus- 
tomed to visit the felling-area before the sale, and true descrip- 
tions of the lots are given by the auctioneer— or where in 
sales of standing trees sufficient information regarding their 
volume and quality has been supplied beforehand to the 
buyers — a sale under cover of a roof is preferable, as it is 
much more expeditious and usually attracts a greater number 
of purchasers than a sale in the open air. Anyone wishing to 
purchase a Itirge quantity of timber, will in any case visit the 
felling-area before the sale, and small purchasers have no time 
during the sale to measure and value every log, without 
delaying the auction intolerably. An auction in the forest 
is therefore advisable in the following cases : when buyers 
cannot be induced to visit the felling-area or depot beforehand ; 
when the wood has been assorted carelessly, or each lot con- 
tains wood of various assortments and qualities. Generally, 
in all other cases, the interests of the forest-owner are safe- 
guarded better when the auction is held in a building. 

The date chosen for the auction, the place in which the 
■' auction is held, and the list of material to be sold, should 
now be advertised publicly, both in the best local newspapers 
and in printed notices posted up at inns and public buildings 
' in the sale-district, as well as by the public crier. If the pro- 
duce to be sold is chiefly wood for local demands, it is super- 
’ fluous to spend much money on advertising; it is then 
^ sufficient in the notices to give a list of the chief assort- 
" ments, and to advertise in purely local newspapers only. 
If, however, valuable timber is to be sold for which there is a 
good demand or which is suitable for export, or in sales of 
felarfrA oil antities of merchantable flrewood and especially of 
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Btanaing trees, the sale -notices should be more widely 
published. In such cases the forest-manager should select 
the best newspapers for his advertisements, and too much 
economy would be out of place. Whenever purchasers from 
a distance may be expected, they should be informed by adver- 
tisements of the chief conditions of the sale. 

Whether the sale should be conducted by Forest or Accounts 
officials, depends on the special administrative arrangements 
of different countries. Although unnecessary expense in this 
matter cannot be justified, it is, on the other hand, unde- 
sirable to leave all responsibility for the sale to the Forest 
Department. The Accounts officials are, in any case, better 
acquainted with the buyers than the foresters and should 
therefore be responsible for their solvency ; this is the case in 
Prussia, where the Forest Accountant attends all State forest 
auctions.* 

The auction commences by an official reading out and 
explaining the conditions of sale. These include: a state- 
ment whether the sale is with or without reserve ; the terms 
of security for payment to bo offered by the purchasers ; con- 
ditions under which unknown strangers are allowed to bid ; ’ 
measures of security against a conspiracy among the buyers to 
keep down prices ; dates of payment, and limit to which credit 
is given ; a list of roads by which the wood may be removed, 
and the conditions of removal ; special political and silvicul- 
. tural conditions which are considered advisable ; finally, that 
no complaint will be entertained as regards any lot after it has 
once been knocked down. 

The upset-price at which the lots are offered for sale must ^ 
evidently be less than that expected from the purchaser. IIow 
much lower it should be is a question not without importance 
as regards the obtainable price. Too high an upset-price 
frequently prevents the purchasers from bidding freely ; when 
too low, it causes delay, and if the competition is limited, 
leads to inferior prices being obtained for the wood. Although 

♦ [In France, the Pr6fet or Som^pr6fet presides at State forest auctions. In 
Belgium, sales of standing trees in private forests are conducted by a Kotaire, 
or notary public, who charges 11% commission, 3% of which is a State tax, and 
guarantees the solvency of the piu’chasera. In France, the charge is 15%. — Tr.] 
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local circumstances, the social condition of the purchasers, 
their number, and several other matters, may influence the 
choice of an upset-price ; in most cases, it should be 10 to 
20 per cent, under the royalty or real value of the wood. In 
the case of valuable merchantable timber, the upset-price 
may be higher, and even equal to the royalty when there 
is a probability of eager bidding. In the administration 
of some State forests (Saxony and Baden), the practice 
of fixing an upset-price to the lots in proportion to the 
royalty has been discontinued ; unrestricted bidding being 
considered more advantageous to the owner, as well as to 
the buyer. 

Eveiy sale-lot should be clearly designated in the sale 
catalogue by its number ; the assortment, volume or 
dimensions of the wood, and any other particulars which are 
advisable being given. In important timber-sales, intending 
purchasers should be allowed, before the sale, to consult the 
felling-register, or facsimile extracts from it should be handed 
round. In sales of standing timber, ready assistance should 
be given to enable purchasers to obtain knowledge of their 
value. The amount of the highest bid for each lot, with the 
purchaser’s name, is then entered in the auctioneer s report, 
or in the felling-register. This is often attested by the pur- 
chaser’s signature and that of a trustworthy surety. In sales 
by detail, after the last lot has been sold, the price of the 
difl'erent assortments is totalled and the average price of each 
assortment calculated, so that it may be decided whether the 
confirmation of the sale may bo at once effected, or must be 
postponed, in case the average prices of the assortments are 
under the royalties* at which the forest official is authorised 
to sell the wood. In case the prices are lower than the autho- 
rised minima, either they must be confirmed by superior 
authority, or a fresh sale held. 


* A sale may be confirmed in Baden, when the average price offered is not 
less than 10% lower than the average price of the last sale in a neighbouring 
forest range. In Prussia, the Oherforder can confirm a sale, if prices are not 
20% lowei’ than fixed royalties. In Bavaria, the Forxtniehfar sanctions annuaUy 
the percentage by which sale-prices may fall below royalties (for timber, gene- 
rally, 10%, firewood 16%). 
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(c) DeMvery of Wood to the PurcJiasei 

The sale having been confirmed, the wood of the different 
lots is delivered to the purchasers immediately after the sale, 
unless there is any difficulty in furnishing security for pay- 
ment. If the sale is hold in the forest, this is done either by 
handing over the wood at once, or by giving each purchaser a 
written order of removal for the wood he has bought. Wheji 
sales are not held in the forest, the forest- manager assembles 
all the purchasers at the felling-area or depot, on a day fixed 
as soon as possible after the sale, and shows each purchaser 
his wood. Either then, but generally at the auction, each 
purchaser obtains his permit to remove his wood, on which is 
stated : the place where the wood is lying ; a sufficiently clear 
description of the wood sold ; the price to be paid for it and 
sometimes the dates when payment should be made. This 
permit should then be taken to the forest cashier and the 
price paid to him, when it is returned stamped and receipted, 
and then the purchaser can remove his wood. When credit 
is given, and payment is therefore not immediate, the cashier 
should notify to the forest-manager the names of any pur- 
chasers regarding whose solvency he has any doubt ; in such 
cases, the wood must remain in the forest until payment has 
been made or satisfactory security provided. 

Sometimes a period of time is fixed during which the forest 
manager is responsible for the safety of the purchasers’ wood 
lying ill the forest. 

As a rule, however, wood once sold and delivered to the pur- 
^ chaser remains at his risk after he has received the permit for 
‘ its removal, although the forest-guards are expected to watch 
f it carefully and prevent fraud. In many districts — as, for 
instance, in the Rhine-valley — the forest-owner declines all 
risk for the sold wood, but a special guard is appointed and 
paid for by the pu/chasers for one or more felling-areas, to j 
; protect their wood when lying in the forest. A fixed rate of; 

payment is then allowed for every stack of wood, every log 
. and every hundred faggots, which is paid to the guard by each 
purchaser on the removal of his wood. Generally this institu- 
< tion of. a guard for; felling-areas is agreed to tacitly by 
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‘ purchasers of wood. Usually, the men who stack the fire- 
p^wood also guard the felling-area, for they can carry on these 
double duties conveniently. 

ii. Sale hj Senkd I'ender. 

The other mode of sale to the highest bidder is that in 
which, after public advertisement of a sale, the offers or^ 
tenders to purchase are written and submitted in a sealed 
cover to the seller. In the case of a sale of standing trees, 
the written tenders to purchase may be either for the produce 
of a whole felling-area, or for separate lots; in both cases a 
valuation in volume and by assortments of wood is presup- 
posed. If the wood to be sold has been converted, it is 
sold generally in assortments, or classes of assortments, usually 
by the purchaser tendering so much per-cent, more or less 
than the upset-price (say, 2, 5, 10 per cent, over, or under, the 
usual royalty). All tenders which have been received are 
opened on a fixed date and hour, in the presence of the 
intending purchasers. They are read out publicly, and each 
lot aw’arded to the purchaser who has submitted the highest 
tender, provided he can give good security for payment. 

Just as the solvency of the persons who tender for the wood 
must be assured, so other motives such as silvicultural require- 
ments may influence the sale. As a rule, however, the sale 
is confirmed to the highest bidder. As in sales by public 
auction, it is highly in the interests of the seller and an abso- 
lute right on the part of the purchaser, that before tendering 
he should have free access to the sale-lots, and, on demand, 
should be allowed to see the report of the valuation of the 
wood and the felling-register. 


(c) Sale by Private Contract. 

When an owner deals with a single purchaser, and the price 
is fixed after a discussion between them, a sale by private 
contract results. This mode of sale is characterised by the fact 
that the price is fixed by both buyer and seller. 
k In arrancine the price, the owner will be guided generally 
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by the average results of past sales to the highest bidder (orm 
certain cases may accept this figure as the price). 

Sale by private contract has the advantage of saving expense 
in valuation and auction-charges, and in avoiding possible loss. 

At the same time, it is clear that the seller undertakes a greater 
responsibility than in any other mode of sale, and must have a 
precise knowledge of the actual state of the wood-market for 
the time being. 

8. Comptiviiton of the vavlous lilodes of Sole. 

Each of the above methods of selling forest produce is 
advisable under certain special circumstances; it is better 
that a forest-manager should not be wedded to any one of 
them, but that he should be ready at any time to adopt 
whichever method may prove most suitable for the case in 
question. 

(a) Sale by Royalty. — Sale by royalty has the least claim of 
all to exclusive adoption or even preference, as has been 
shown on p. 454. Only in some places, in the case 
of certain privileged demands for wood, is such a method 
followed exclusively, and then the formation of a propei tariff 
requires great care. Where, on the contrary, sale by royalty 
is adopted only occasionally, it forms a useful supplement to 
other modes of sale. It has then the advantage, in cases of 
necessity (conflagration of a village, scarcity of ^ wood for 
agricultural purposes at seasons when the principal sales 
are not conducted, etc.) of satisfying urgent demands. Also, 
when traders combine to keep the price of forest produce below 
its full local value, a recourse to sale by royalty may improve 
matters. 

To adopt sale by royalty generally and exclusively would at 
once exhibit the shady side of this method, and prove that it is 
almost impossible for a forest-manager to acquire an accurate 
knowledge of the real local value of wood. If also it were, 
argued that prices may be corrected by the competition of 
sellers, a refily may be made that forestry is less able to 
effect such a result than any other industry, the forests in 
any district being usually in the hands of one or only a few , 
owners 
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(b) Sale to the highest Bidder.— Sale by public auction, 
provided that enough competitors are present, may be con- 
sidered as the most usual mode of sale. The chief 
advantages and disadvantages of its. different varieties are 
as follows : — 

i. In Sale hj DeiaiJ. 

When converted timber is sold in small lots by public 
auction, sufficient competition will ensure the best prices, for 
owing to demand and supply prices in this case most nearly 
represent the true local value of any sale-lot, including its 
quality, utility, portability, etc. By auctioning forest produce, 
it is distributed among the consumers in the simplest manner, 
and according to the measure of their requirements. If 
there are exceptions to this rule, they are less numerous and 
remedied more easily than in sales by private contract. Much 
less time is occupied in auction-sales than in sales by private 
contract, a matter of great importance. All unjust dealing 
and respect for persons which may easily occur in private 
sale, or complaints of which may be brought against the most 
honourable foresters, are avoided by public auctions. The 
superiority of public auction over sale by public contract is 
proved by the fact that nearly everywhere in Germany, sale 
by private contract has been supplanted by auction-sales. 

Amongst the disadvantages urged against sale by public 
auction, the following is worthy of notice, namely, the possi- 
bility of the purchasers coming to an understanding before 
‘ the sale. This is especially to be feared— when the attend- 
ance at a sale is small ; when too much material at a time 
is offered for sale ; in the case of wood-assortments that not 
everyone can buy, either because their cost is prohibitive or the 
demands for them are small ; or finally, when the seller pur- ^ 
posely tries to maintain prices above their proper local figure. 
Coalitions of purchasers are very frequent in the sale of 
merchantable timber, rafted wood or firewood intended for 
trade, for which local competition may be nil, or of a very 
limited nature. 

Coalition of purchasers is becoming a common affair in 
Germany, being much more frequent than is imagined, both at 



'targe and petty sales. The theoretical idea of an auction-sale 
involves the 'assumption that every competitor is present 
merely on his own account, and that a coalition among the ■ 
competitors is impossible : coalition cannot, however, be pre- ! 
vented, provided it is agreed upon freely by the competitors ; - 
it is illegal only when brought about by threats, etc. ihe 
seller must, therefore, endeavour to guarantee himself agains 
the damage he may suffer owing to coalition at auctions. 
Almost the only remedy available is to stop the sale, and 
adopt measures to improve the competition of purchasers. 
Among these are the following: advertising widely (this, how- 
ever, presupposes sufficient wood to attract distant purchasers); , 
sub-division of the sale-lots into smaller ones, so that it may 
be possible for poorer purchasers to compete ; finally, avoid- 
ance of all burdensome sale-conditions that reduce competi- 
tion. A further measure against coalition is to adopt another 
mode of sale. [A common method of prejudicing sales by 
auction occurs in Britain and probably elsewhere. As soon 
as the sale-catalogues are out, timber-merchants meet and 
appoint a chairman, who acts as a private auctioneer and puts 
up each lot to the company present ; they then run it up to a 
fair market-price. At the real auction, afterwards, the pur- 
chaser is not opposed by any of the clique and has only the 
competition of a few outsiders to contend with. After the real 
auction the clique meet and divide among themselves the 
difference between the real and mock auction prices, very 
often a considerable sum practically taken from the forest- 

owner. — Tr.] ^ ^ 

There are also first principles of justice as well as of sell- 
interest, which should always induce the seller to avoid all 
conduct on his part which may hinder a proper price being 
paid, or lead to coalition of the purchasers. 

A. Sale of Standing Tree^i. 

The sale of standing trees, especially with the right of fell- 
ing and conversion by the purchaser, is preferred frequently 
by wood-merchants and large dealers in timber to that of 
' converted wood. This is explained easily by the fact that in 
■ the former case the wood-merchant can convert and remove 
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v44l 6 wood more profitably to himself, and can time its conver- 
sion and removal so as to take advantage of any special demand. 
In this mode of sale, however, the purchaser obtains the crown 
and stumps of the trees, as well as the stems, and thus may be 
encumbered with a quantity of firewood, the disposal of which 
is often burdensome and unprofitable to, a timber-merchant. 

The matter has a different aspect as regards the interests of 
the forest-owner. When the standing trees are sold by unit 
of produce, this protects the forest-owner from the necessity 
of selling his trees at too low a price, at the same time allow- 
ing him full play in felling and converting the trees carefully. 
When, however, it is important to satisfy local demands, this 
mode of sale is not satisfactory [as the whole of each assort- 
ment from a felling-area, or the demarcated portion of one, 
is purchased necessarily by one individual. — Tr.] 

Sale of standing trees to be felled and converted by the 
purchaser is generally more disadvantageous than otherwise 
to the forest-owner, since he is obliged to hand over the 
felling-area more or less to the purchaser, and is unable to 
effect an accurate estimation of the volume or quality of the 
wood, a condition which is generally more unfavourable to the 
seller than to the buyer. It is well-known what large profits 
are made by wood-merchants in the purchase of whole forests, 
or compartments, of standing trees in Bussia, Bosnia, Hun- 
gary, etc. Still, under certain circumstances, the sale of 
standing trees may be preferable to that of converted wood, 
especially when the wood-market is over-stocked ; when super- 
vision is defective or labour scarce ; also in districts where 
this mode of sale has become customary, and long usage, 
influenced by the interests of both buyer and seller, have 
removed much of its harmfulness. 

Experience of the sale of standing trees has shown, 
especially in Bussia, where this mode of sale prevails, and 
also in France* and Austria, that in many cases silvicultural 


♦ [ Generally the attention to silvicultural requirements on felling-areas in the 
French State Forests on the part of the adjudicataires^ or purchasers of stand- 
ing trees, is satisfactory. In thinnings, where all the trees to be removed can- 
not be known beforehand, but are marked gradually as the work progresses, 
sales in France are effected by unit of produce.— Tr.] 
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^work lie effects must decrease both in quantity and quality, 
and he loses all interest in the well-being of the forest. The 
rich wood-merchant who undertakes to fell and convert the 
trees on a felling-area usually pays high wages, as his 
interest is bound-up with careful conversion, etc. That he 
considers this expense in the price he pays for the trees 
cannot be denied. In such cases, evidently the general 
welfare is secured better by selling the wood standing than by 
converting it departmentally, the balance falling the other 
way for the forest-owner. An example has been cited here 
merely to show that there are many factors affecting the 
question in any special case. 

Sale by sealed tender should be employed for standing 
trees, or in sales by detail, for large lots of converted wood ; 
it is especially suitable when only a few rich wood-merchants 
compete. It also serves as a remedy against coalition of 
buyers when trade is slack, and finally, in selling assortments 
for which there are no local purchasers, for instance, hop- 
poles, osiers, etc. 

Whenever only a few large dealers are present at a sale, 
they can agree easily to keep down prices. By calling for 
sealed tenders the forest-owner may invite competition from 
distant purchasers in order to paralyse the coalition of local 
traders ; this remedy may, however, prove to be of a tem- 
porary nature only. 

(c) Sale by Private Contract. — The sale of wood by private 
contract is employed when the demand is slack. Often there 
” may be only one or a few purchasers, it is then preferable 
1 not to auction the produce, but to deal directly with the pur- 
chasers ; thus the best price possible will be obtained, which 
would not result from selling to the^Jiighest bidder when 
competition is so restricted. In this case ^Iso, the lots should 
be large, and the purchasers men of means. Sometimes the 
whole produce of devastated forest-areas are thus sold ; some- 
times an entire assortment — round billets, charcoal- wood for 
'smelting-furnaces, large quantities of railway-sleepers, tele- 
igraph-posts, merchantable timber, etc. j sometimes large lots 
iOt converted wood, for which at an ‘auction the bids were too 
^ below the proper prices. 
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bale by private contract recently has been exienaing m a 
remarkable manner, especially in North Germany, and desires 
for its further extension have been expressed. This may be 
justifiable for certain districts, but in most cases, and especially ' 
in sales of State forest produce, it should be considered rather 
as a necessary evil, enforced by a limited demand in slack 
times, than as an even tolerably regular mode of sale, for 
where trade is brisk, no forest-owner would wish, by private 
sales, to reduce the competition at auctions."^ 

Section III. — Business Brinciples involved in the Sale op 
Wood. 

1. General Account 

Owing to the moderate net-revenue resulting from forests, 
and the considerable amount of invested capital which they 
involve, it is evident that every forest-owner should strive, by , 
improving the markets for his produce, to obtain as high a 
price as possible for it. The forest-owner may be unable to 
exert any influence on the general current prices of wood, and, 
as regards the sale of his own produce, may be fettered by the 
situation of his forest, the state of the local wood market and 
many other conditions; nevertheless the financial results of 
the sale of his wood, under the given conditions, depend ' 
greatly on his skill in managing sales. Much has been 
said already on this subject in the preceding sections ; it is, 
however, necessary to discuss, in a general way, the principles 
and experience of mercantile business which are most nearly 
related to the above objects. 

In order to sell wood profitably, a forester must be a trader, 
and must have the same aptitude for trade as other dealers 
who sell wares. 

* fin Britain, coppice is sold generally at so mucli an acre, or the wood felled 
and sold in assortments after conversion. Standards over coppice are sold at, 
fixed prices per cubic foot that increase with the girth of the tree } only the 
bole is cubed, and the crown given-in to cover cost of felUug. In beech selec- ' 
tion forests, the marked trees are felled usually by the owner, and the logs and ■ 
faggots sold as they lie in the forests, and this is also the case with oak andi 
Rn/^tH ninfts in Uae Crown forests*. the price beiner fixed by private contractj^^J 
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Forest officials entrusted with the sale of produce should 
have either mercantile experience, or endeavour to acquire it 
to a sufficient extent. Exactness in carrying out departmental 
.orders and routine will not suffice here, for this is not by any 
means all that is needful for a commercial mental-outfit. 
Active and intelligent intercourse with the world, especially in 
all industrial and mercantile questions, observation of all 
causes which affect the market for his own produce, persistent 
endeavours to detect all precursors of trade, to weigh accurately 
the importance of all intervening occurrences and to form 
correct decisions after considering all these circumstances — 
only habits such as these make a successful trader. 

2. Genuine Goodsy and fidl Weight and Measure. 

All solid mercantile success is founded on the genuineness 
of the goods offered for sale, and on giving the purchasers good 
weight and measure. Genuine goods are those that are equal 
to the description given of them by the seller. Every wood 
assortment should contain only pieces of wood, which are thus 
classified correctly. Every offer of inferior wood, every con- 
cealment of defects and damage in timber, every classification 
of pieces above their proper class, and so forth, impairs their 
genuineness. Wood should therefore be exposed for sale so 
that every would-be purchaser may ascertain its quality easily. 
In a similar way, full measure should be given in firewood 
stacks, and a thorough understanding arrived at as to the 
sale-measurements of logs, in order to maintain a good credit 
-ith purchasers. 

A most careful assortment'in accordance with prices inspires 
inr chasers whh conhdenee. Whh Vhe same en^ 'm \\ew, 
irice-tariff also should be compiled most carefully in accordanci 
nth the real value of the wood-assortments. Above all, timbe: 
hould be classed carefully as regards its quality, and a foreste: 
hould give no cause for a report that he sells half-rotten oi 
nferior material as good timber. He should take great car( 
lot to mix inferior wood with good material, hoping thus t( 
)btain a better sale for the former. 

It is now about time to secure uniformity in all woo^ 
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measurements ; especially should all timber be measured 
without its bark, and old country measures should give place = 
to the metric system. Only absolute correctness in measuring ^ 
leads to genuine trade. It frequently happens that in slack, 
times for trade, logs are measured below their actual dimen- 
sions, or timber classified below its proper rating, with the 
object of finding ready purchasers at prices which appear to be 
on a par with, or even to exceed, the fixed tariff. Such 
manipulation must bo abnegated entirely, for it impairs the 
confidence traders should feel in the honesty and accuracy of 
forest officials, hinders the compilation of a correct tariff, and 
serves only to blind superior officials. 

8. The Produce to he Sold* 

Every felling-area yields good as well as inferior wood. 
The forester should attend most carefully to the conver- 
sion and assortment of good material, for this affects greatly 
the financial returns of his forest ; he should endeavour also 
as much as possible to avoid overstocking the market with 
inferior wood. This should he attended to especially when 
trade is slack, or the sale of good material will he prejudiced. 

When the market is overstocked, it is better to leave stump- 
wood and inferior firewood in the forest than allow it to reduce 
the price of the better class of firewood ; also, where poles 
from thinnings are in a similar condition, it is better not to 
classify them as timber. In slack times it is a matter of 
ordinary prudence to reduce to the utmost the cost of con- 
version of inferior material. Purchasers of such stuff will 
convert it more cheaply and more in accordance with their 
own wishes than forest officials. 

In converting his trees, the forester always should be guided 
by the wishes of purchasers, as far as general rules will allow. 
Whenever, as is often the case, there is a generally expressed 
desire for any change in the details of the wood-assortments, the 
forester should be ready to meet the purchasers’ wishes ; they 
are usually the expression of the market requirements. When, 
for instance, there is a desire that stacked wood should be more, 
n nr that butts should be longer than is usuj^ 



in the locality, the question should be considered carefully ; it: 
often happens that this is in consequence of a new demand 
for timber, and then in future the wood should be converted 
accordingly. 

4. Wood-Markets, 

A few decades ago, before the present world- wide means of 
communication had been established, each forest had its own 
local purchasers, its own more or less limited local market, to 
which practically each forest-range was confined. Only forests, 
which were favourably situated as regards water-carriage, were 
accessible to traders of the world-market to which most of the 
best timber waA floated. Matters have changed in this respect, 
and at present almost every forest-range has a share in the 
world-market, and there are few forests too remote to feel its 
fluctuations. Although the local market has not lost its im- 
portance in certain forest districts entirely, yet, especially as 
regards timber, it is the world-market that regulates prices. 
Under these circumstances, the really enterprising forester 
must know not only his local market, but should also keep in 
view all the movements and changes of the world-market ; 
although he may be connected with the latter only indirectly 
through the middleman, yet he should bo acquainted 
thoroughly with the prices prevailing in the distant principal 
market, as well as with those of the local market. 

The generally isolated residence of forest officials would be 
an insurmountable obstacle in the way of his obtaining this 
knowledge, were he not to avail himself of the assistance which 
is open to every trader. This consists in the public press and 
in consular reports from the chief timber-markets. As regards 
pamphlets dealing with the timber-trade, some are edited and 
distributed by the chief forest officials in certain States; others 
are private undertakings, for instance. Das Handelshlatt fiir 
Walderzeugnissef the Berlin Centralhlatt fiir Holzindustrie, 
Amtiian Forstzeitung, Jlevibe des Eaux et ForHs, The London 
Timber Trades Journalf The Timber NexvSy the American 
Lnimhermanf etc. « 

Agents employed by forest-owners and State consulates 
would* do great service if they would publish, not merely 
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periodic reports, but any rapid changes in the markets. The.: 
future only can decide as to the extent to which forest-owners, 
like other wholesale producers, can make use of regular 
travelling agents to offer their produce for sale, and arrange 
contracts and deal with purchasers, etc. 

It hardly need be remarked that all endeavours which may 
be made to raise the price of wood should apply only to timber, 
for, with exception of a few country districts, it is impossible 
to rehabilitate firewood in competition with coal. As long, 
however, as firewood is procurable at a steady and moderate 
price, it will find always a ready sale. [In all large cities there 
is a great demand for kindling material to light coal fires. The 
price of such material in Devonshire is (1908) 50 lbs. for Id., 
8 lbs. for Id. in the Midlands, and 1 lb. for Id. in London, so 
that there is still a field for the sale in Great Britain of this 
kind of firewood. In Ireland also where peat is the chief fuel, 
this cannot be dried in a wet summer, so that in the succeeding 
winter there is a good demand for firewood. Tr.] 

Although the fullest attention should be paid by the forester 
to the general market, he should endeavour to improve and 
extend his local market. Wherever industries using wood, 
such as sawmills, factories for wood-pulp, furniture, carved 
work, etc., exist, or are to be introduced and extended, they 
should be supported and assisted energetically, provided there 
s no silvicultural impediment. 


5. The Timber-Trade. 

Under present conditions, the assistance of the wood-mer- 
jhant is, in most cases, indispensable to the forester. No 
wholesale producer can dispense with the middleman ; least 
of all forestry, with its voluminous and heavy produce, its un- 
equally distributed producing localities, and its owners, who 
are in general unfitted for trade (the State, municipalities, 
hospitals, etc.) As far as concerns the local market, and in 
cases where the latter favours a direct dealing between con- 
sumer and forest-owner, the wholesale timber-merchant does 
not intervene. The petty dealer is, however, a necessary and 
generally^weloome member of the Ipcal market. Whenej|^ 
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large quantities of wood, and especially of valuable timber, are 
in question, especially in forests with a small local demand, 
the wood, for the most part, would rot in situ if wholesale 
timber-merchants did not undertake its sale and distribution 
in distant districts, which are densely populated and poorly 
supplied with forests. Forest-owners and wholesale timber- 
merchants must therefore work hand-in-hand ; good business 
relations between them are entirely in the interests of forests, as 
long as only through the latter the distribution and conversion 
of the raw material into marketable produce can be effected. 

Under present trade conditions, so changed compared with 
the past, it would be a serious injury to a forest-owner were 
he to refuse to acknowledge the necessity of the middleman ; 
on the contrary, he must endeavour constantly to improve his 
relations with him. For it is the timber-trader who endeavours 
to extend the present market and to open out fresh ones and 
improve the means of transport ; who invests a large capital 
in buying timber and establishing sawmills ; who follows with 
attention every change, however small, in the price of wood ; 
who is constantly posted-up in all industrial changes in the 
conditions of transport or the incidence of taxes, and who is 
vigorously engaged in pushing on the timber business. All 
this energy of the timber-merchant, even though it is in his 
own interest, should be acknowledged thankfully by the forester. 
But if these desirable relations in the interests of both parties, 
between the forest-owner and the timber-merchant, are to bear 
useful fruit, the latter must also be more ready than is often 
the case to meet the former half-way. 

6. Modes of Sale. 

Public auction of converted wood should be considered as 
the regular, though not exclusive, mode of sale, for it is suit- 
able only when free competition of purchasers may be expected. 
In slack times of trade and when markets are overstocked, and 
in the case of very large fellings, sale hy sealed tender, by unit 
of produce or by private contract, may yield better financial 
results than auction sales under such conditions. Wherever, 
business being very slack, large quantities of wood must be 
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%oW in remote and comparatively inaccessible districts, ine| 
forest-owner may have recourse to sale of standing trees by ^ 
area. Whenever it is possible, however, auction-sale of con- ' 
verted wood is preferable. 

After considering all local and temporary objections to any ‘ 
mode of sale, there can be hardly any difficulty in deciding 
which to adopt in any particular case. To act by routine in 
such a matter may cause great pecuniary loss, as experience 
has often shown. Especially in selling valuable timber, the 
forester should be guided not solely by custom, but should 
select, without prejudice, whichever mode of sale is best for 
the case in point.* 


7 . Seas() 7 i for Sales. 

The season when trade is most active is clearly the best time 
to sell the produce. As a general rule, autumn, winter, and 
early spring are the best seasons for the sale of wood ; matters 
vary locally in this respect, and the best seasons for sale depend 
311 the necessities of the consumer, the dates of final payment 
for the wood, and the amount of leisure which the public 
interested in the purchase of wood can command at different 
seasons of the year ; also, as regards merchantable timber, on 
the usual date when contracts to supply the timber are closed, 
and the season in which, according to local custom, wood prices 

are steadiest. ^ 

Demands for firew’ood are evidently greatest in winter, wnilst 

building and industrial timbers are more in demand during 
the summer. As, however, nobody burns green wood, but 
allows it, in any case, to dry throughout the summer so as to 
ensure a profitable sale, it is better to sell the produce of 
summer-fellings in the autumn, and those of winter-fellings 
early in the spring. In years with prolonged cold winters^ 
evidently the best time for selling firewood is in mid-winter, 
and then cart-transport is readily available. Small wood foi 
agricultural purposes, which generally is brought into us< 


• [The Deputy Surveyor reports that in the Forest of Doan, trees are fellej 
*• and mid in logs and butts as they lie. Any considerable quantity of timber i 
sold bv sealed tender, and smaller oi- interior lots by private contract, at so ronci 
: a cubic foot for timber, varying with the girth, or in cords of 128 cubic feet.- 
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lininediately after felling ; railway-sleepers, which are sold by 
Wolesale merchants and usually must be impregnated and 
delivered to the railway authorities by the beginning of summer, 
and other wood-assortments which are required early in 
the year, should be sold during autumn or early winter. 
When trees are sold standing, the sales should be effected in 
September, so that the merchants may know in time what 
business they have to undertake during the felling-season. If 
the technical requirements for certain woods prescribe that 
the felling should take place in the growing season, an enter- 
prising forest-owner will endeavour to meet such a demand. 
The date of final payment for the wood sold is also more 
important than the immediate demand. Where sales are for 
c'ash down, they should be held in autumn and early winter, 
when the country people have most ready money ; if payment 
is by instalments, with security, the season for sale is less im- 
portant, provided the interval before final payment, for which 
autumn is best, is not too short. 

When the peasantry takes part in wood-sales, these should 
be fixed when they have leisure to attend, and that is usually 
during winter. As regards wholesale traders, they generally 
sell from timber-yards, where they keep their wood a longer 
or shorter time, so as to profit by favourable opportunities for 
sale. The petty dealer, on the other hand, buys only at 
favourable seasons, when he can dispose readily of his wood 
at a fair profit. 

The above remarks may be summarised thus : — Autumn and 
winter, and the times nearest to them, are the most profitable 
seasons for selling wood ; by the middle of April, in ordinary 
^ years, the chief produce of felling-areas should have been sold. 
It should be noted also that people become accustomed to fixed 
dates for sales, conduct business accordingly, and attend such 
sales with the determination to purchase sufficient wood for 
their requirements. 

[In India, the sales of standing trees and other produce 
:from the State forests between the Jumna and Ganges rivers, 
are held annually in September, so that work in the forests 
:may commence in November, as soon as the healthy, dry 
Ifieason has commenced.— Tr.l 
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be followed in this respect so far, that it may be possible for 
large dealers to purchase separately the assortments which 
their business requires. These consist chiefly of the better 
class of stem-timber. Where sales are held to satisfy local 
demands, only small lots are advisable. 

Whilst in sales of standing trees, lots may consist of 600 to 
1 ,000 and more cubic meters (350 to 700 loads) ; in large regular 
sales of converted wood the lots seldom surpass 30, 50, or at 
the most, 100 cubic meters (20, 35, or 70 loads) ; as a rule they 
are even smaller. It is otherwise in extraordinary falls of large 
numbers of trees, owing to storms, etc. ; in such cases the size of 
the lots increases with the quantity of material to be disposed 
of, and with the capital of the competing merchants. In the 
sale of wind-fallen timber in the Vosges mountains, in 1892, 
besides smaller lots, large lots of 5,000 and 8,000 cubic meters 
were formed ; and in the case of trees killed by the nun- 
caterpillars in Bavaria, the lots attained 10,000 cubic meters. 
Whether, in forming the lots, the same care should be taken 
as in forming the assortments of timber, i.f., that the same lot 
should contain only the same quality of wood, depends on the 
numbers and kind of would-be purchasers present. [In the 
French State forests no lot of standing timber offered for sale 
should exceed 10,000 fr. (i^400) in value.— Tr.] 

9. Conditions of Sale. 

It is self-evident that burdensome conditions, displeasing to 
the purchasers, will reduce competition, and that the sale will 
be the more profitable the less stringent are its conditions. 
On the other hand, the security of the owner against loss, and 
the demands of silviculture, must be ensured. It is difficult 
to say how far a forester can go in the latter direction without 
prejudice to the interest of the forest-owner ; it depends on 
the state of the market and of prices, the solvability of the 
purchasers, the cost of transport, and the actual demands oi 
silviculture. The less favourable the local and temporary 
conditions of the timber market, the less must one insist on 
conditions of sale which reduce competition ; and this is more 
necessary when the purchasers are dealers than when the wooc 
is disposed of among local purchasers. 
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One of the most important points is whether cash-payments 
should prevail, or credit be given. The question is regarded 
from different points of view in different countries. In, most 
German State forests, except quite recently, cash-payment was 
the rule, but this has been modified considerably of late. . 
Credit increases the work of accountants, often encourages ; 
swindling and indiscretion on the part of certain purchasers, 
but all this shady side of the credit system disappears com- 
pared with the disadvantage of reducing competition by 
demanding ready money. Credit is now-a-days such a neces- 
sary condition of all trade and business, that the forest-owner 
cannot avoid it. Sufficiently long credits, up to a half-year 
and even longer, in the case of trustworthy large dealers, are 
conditions which long experience, far from verifying the 
fears of extensive loss which have been expressed, has proved 
^ thoroughly justifiable in the interest of forest-owners.* 

It is self-evident that credit can be given to doubtful pur- 
chasers only on sufficient security (after payment of 25 per 
cent, of the purchase money, deposition of valuable docu- 
ments, promissory notes on good banking houses, etc.). In 
the different German States and in Austria, various systems 
of credit prevail, for instance, in Baden, 3 per cent, discount 
is given for cash payment, otherwise three to eight months* 
credit. 

[In India, deposition of Government promissory notes, on 
; which interest continues to be payable to the depositor, is the ' 
f best form of security in wood-sales. It can be stipulated also , 
:< that in sales of standing trees, one-third of the purchase 
\ money is payable after the wood is converted, and the balance 
|: on removal of the wood from the forest, more than sufficient *3 
^ wood being retained in the forest to cover the balance of the 
^purchase-money. — Tr.] 

The date fixed for removal of the wood from the forest or 
K depot is also an important condition of the sale. If the limit 
' allowed is too short, or not fixed with due reference to the 
rcost of transport; if carts and beasts are few and are required 

* The accountant’s office at Aschaffenburg, which receives payment for the 
J^nakwood from the Spessart, had to receive between 1863 — 73, £111,400, of 
I which ouly^ 27<. was a bad debt. 



:47« 

Ibr the time being for agricultural purposes, the cost of trans- 
port will be increased, and the price of the wood consequently 
falls. In fixing the date for the removal of the wood, the 
forester should respect general departmental orders ; in carry- 
ing them out he should be very lenient and consider the 
nature of the roads, that in some cases sand does not bind in 
winter, or other roads are too wet for use except during frost, 
or after dry summer weather ; that in the case of water- 
carriage the logs cannot always be floated or rafted at a fixed 
time, and that country people prefer to work at wood-transport 
before the hay is mown, or after the corn has been harvested. 
If all the wood has been brought out of the forest, silvicultural 
rules will not intervene to hurry on the removal of the wood 
from the road-side. 


10. Advertising Sales, 

It has been remarked already, that competition at sales is 
improved greatly by judicious and timely advertisement. As 
no petty dealer is afraid of the expense involved in bringing 
his goods to the notice of consumers, and wholesale producers 
often spend immense sums in this way with good results ; 
it cannot be doubted that in forestry, judiciously advertising 
timber-sales must have an important bearing on their financial 
results. Too great economy in this matter certainly will entail 
loss. 

It should, however, be understood clearly, that no allusion 
is here intended to puffing advertisements, which are more 
calculated to excite mistrust than to stimulate purchasers. 
The advertising medium should be chosen much more carefully 
than is usually the case. Here is meant not only advertising 
in the public press, but also the despatch to large dealers, and 
other persons interested in the sales, of printed notices giving 
-sufficient details of the sale-lots. 

I Wherever large numbers of logs are sold yearly and there 
;is a more or less extensive demand for them, the timber-trade 
may reasonably expect to be informed by notices published 
Ibeforehand, what woods and felling-areas will be taken in 
Bland, and what will be their probable yield, so that timber- 
||terchants may undertake contracts and make other prepara- 
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tions tor the expected timber. In France and an many forest 
ranges of Prussia, Baden, Bavaria, etc., such notices are now 
issued regularly. 

11. M earn of Transport 


The great influence which the available means of transport 
has on wood-prices is well known, and has been already 
referred to. All unwise economy in providing good means of 
transport depresses prices, and improvement in this respect 
should be one of the first objects of the forest-owner. 

Every intelligent forest-owner will endeavour to reduce the 
cost of transport from his forest. The forester therefore lays- 
out new roads, improves old ones, regulates floating-channels, 
constructs slides, sledge-roads or tramways ; establishes depots 
on the banks of streams and canals and at railway-stations ; 
he will see to the drying and seasoning of his wood, and in 
certain cases will convert his timber and split his firewood in 
the forest. 

He should not be too narrow-minded in allowing the public 
use of the forest-roads. If a forest is to be lucrative, its roads 
should be always open, provided they communicate with the 
general network of public roads. The higher cost of repairs 
will be recovered fully by the improved means of transport. 

Of immense importance, in this respect, is the proximity of 
railroads to the forests. Beduction of railway-rates for wood, 
and introduction of railways into the forests are vital interest^ 
to forest-owners, which they, in conjuction with the timber- 
trade, should use every possible means to secure. 

[In Britain, this question is complicated by the fact that 
railway companies grant through rates for timber and other 
produce from their ports to the large inland towns, that are 
actually less than rates from intermediate places between th€ 
port and the place of destination of the timber. In this way 
foreign timber is favoured unduly.— Tr.] 

For owners of extensive forests, provided that silvicultural 


requirements are not infringed, it is generally justifiable tc 
entrust the transport of forest produce to contractors, as 
g^rally they can work more expeditiously and cheaply thar 



owners, and especially 


than the State. 



.12. Forest Officials. 

If the manager of a forest is expected to work it to its full 
financial advantage, he must be allowed a free hand in timber- 
sales, so that he can act without delay in accordance with the 
demands of the market. Cases constantly arise when owing to 
an overstocked market the competition at auction-sales of con- 
verted timber is too slack, and other modes of sale must be tried. 

Although control is necessary, especially in large State 
departments, yet it should not be too rigid, and a trustworthy 
executive official should not be fettered too much by routine 
but left sufficiently to his own responsibility, mere routine in 
timber-sales having disastrous results to the forest-owner. 
Now-a-days, thousands of pounds may be gained by taking 
time by the forelock, and using telegraphic communication 
between buyer and seller. 






CHAPTEK VIIL 

AUXILIARY FOREST INDUSTRIES. 

Bksideb the production of raw material from forests, there 
are several industries with the details of which a forester 
should be acquainted, as they either form part of his regular 
duties or are nearly related to them. They may therefore he 
termed auxiliary forest industries. They are based on the 
Bonversion by machinery of raw forest material into com- 
mercial products, partly by reducing it in size or altering its 
form, as by sawing, splitting, etc., partly by improving the 
natural quality of the wood and finally by completely altering 
its substance, in order to give commercial value to its consti- 
tuents. The i)resent chaj)ter will therefore be divided into the 
following sections:— 

A. Detailed Conversion op Wood. 

B. Methods of Improving the Quality of Wood. 

C. Altering the Substance of Wood in Order to 

Obtain its Constituents. 

A. DETAILED CONVERSION OF WOOD.* 

In former times it was undoub.tedly advantageous to the 
‘orest-owner to conduct some of these industries under his own 
iirect control. Private enterprise lias, however, gradually 
ntervened, and most foresters now prefer to confine their 
jxertions to the production of raw material, since owing to 
;he increasing specialisation of industry and the difficulties of 
iealing with labour, it is an acknowledged maxim, at least 
IS regards State ownership of forests, that the State should 
lot compete unnecessarily with private enterprise. There 

. * The best work on this subject is by Braune, “ Anlage, Einrichtung u. Betrieh 
li^^agewerke.” Berlin, 1901, ' / 
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are some foresters,"" however, who consider it necessary or 
advantageous to direct auxiliary forest industries, especially 
when the profits made by the middleman in converting 
raw material into saleable wares is secured by the forest- 
owner, or when private enterprise fails to utilise the raw 
material to the best advantage; also in cases where it is 
necessary to lead private enterprise in the right direction, and 
thus, by producing goods of superior quality, obtain a better 
market for them. In the same way agriculture is not 
restricted any more than forestry to the production of raw 
material, but undertakes many industries that are properly 
of an auxiliary nature. 

Since, therefore, several auxiliary forest industries are 
often conducted dii*ectly by the forest-owner, or by the 
State, the most important of these will be now described 
in a general manner. 

Section L Sawmills. 1 

The transportability of the wood produced by a forest 
infiuences the revenue of the latter considerably. Timber in 
the round cannot, as a rule, bear transport to a distance and 
timber-prices would in genei-al be very low, were it not possible 
to convert heavy logs into planks and scantling and thus 
facilitate their transport to a distance from the forest. This 
conversion is effected chiefly by sawmills situated either in 
or near the forest, the existence of which enables many 
forests to be w^orked at a profit and affords a market for their 
timber.! 

The question wliether sawmills should be managed by forest- 
owners, or left to independent private industry, has, in the 

• [This is especially the case in the Sihlwald, a forest belonging tolhe town 
of Zurich, where the woodris worked up in detail into all kinds of mercantile 
produce, besides being treated on the spot with antiseptic substances.— Tr.] 
t “Sawmills,” by M. B. Bale, Ix)ndon, Crosby Lockwood k Co., 1898. 

I [It is stated that sawniilLs \vere run by water-power in Germany as early 
as 132”. An attempt to establish a mill in England in 1063 was abandoned 
owing to the opposition of the sawyers, and one erected at Limehouse, in 1768, 
Was destroyed by a mob. North America is the home of sawmills, one having 
been erected in Maine in 1634. “ Encyc. Brit.,” 1886, “ Sawmills,” by Hotch- 
kiss. — Tr. 1 
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German State forests, with few exceptions, been decided 
favour of the latter alternative. The State should not, how-^ 
ever, hesitate to favour and support sawmills, as its interest %; 
lies clearly in that direction. As, moreover, sawmills are ' 
controlled sometimes by forest-owners, especially private;? 
owners of large forests, and it is desirable that foresters " 
should possess some knowledge of their mode of construction 
and management, a ge.neral account of them is included in this 
hook. 

(a) Forest Sawmills. 

1. Description, 

The ordinary fortjst sawmill is characterised hy its positioii. 
in a fori^st, its usually simple mode of construction, by beina 
driven by water-power and having as a rule only one blade tf^ 
a saw. It consists of three parts, the frame which moves up 
and down with tho saw, the travelling or butt carriage sup- 
, porting the logs, which are to be sawn, and mechanism fo| 
setting botli tlie above in motion. 

The saw-blade a (Figs. 200,297), is nearly vertical and fixed 
in the frame bli, moving up and dowm with it between the 
wooden slides ce ; below the frame is a pitman /, which is 
attached to a crank //. Every revolution of the wheel B drives 
the saw up-and-down by means of f/. The cut is effected by 
the dowinvard stroke of the saw, the steep edges of the teeth 
being pointed dov nwards. During the up\^ard stroke, the butt 
: to be cut must be pushed forward against the saw. With this 
", object, the l>utt is placed on the carriage //,w)nch consists of a 
long, somewhat narrow, strong platform. The head-blocks P 
and i*’ are dovetailed into the carriage at each of its extremities 
and s§rve to hold the butt in position. The carriage is 
pushed forward by means of a rack n, which is driven by the 
pinion Ic of the cog-wheel L and the latter by the cog-wheel AT, 

/ on the axle of which another cog-wheel A’ is fixed and driven 
by the ratchet q; q is connected by a hinge with one of the 
levers rr attached to a cylinder y, which is moved through part 
I of a rotation, and back again, by the motion of the othei 
lever r attached to tide upper part b of the saw-frame, ^ 



" TiiUB every upward movement of the saw-frame forces q 
against the wheel .V, which is thus set slightly in motion and 



^mmunicates the motion through the cog-wheels M, L, /c, 
itud pushes forward the butt-carriage and the butt against the 
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saw. At thfi downward motion of tho saw-frame, the 
ratfliol (} is drawn Irachwards, catching a cog in N when tlie^ 
saw is at its greatest height and again forcing N round at the 



next down stroke of the saw. U is the water-wheel which 
drives the saw, the small water-wheel If" being used to drive 
l;>aek the butt-carriage when the butt has been sawn through* 
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H 18 andiron fly-wheel which regulates the motion of the 
machinery. 

As soon as the butt has been sawn through its entire length, 
the butt-carriage is pushed hack as far as it will go, and the 
butt adjusted for a second cut and so on, till it has been 
completely sawn into planks. 

Recently, many forest sawmills have been improved^ in 
various ways ; some of them, however, are still sadly wanting 
in this respect. The improvements are directed mainly to 
improving the outturn of sawmills, both in quantity and 
quality. The most important of these are the material of 
which the machinery is constructed ; the mode of suspending 
the saw-blade; its form and the nature of the teeth (their 
thickness, shape and set) ; the movement of the carriage and 
the mode of fastening the butt on to it ; the rapidity of the 
saw, etc. Besides these points there are several others, so 
that evidently there are at present many different kinds of 
sawmills. 

An etticiciut sawmiill should utilise all the available water- 
power, should ^ield a sufficiently large outturn of planks, the 
latter being clean-cut; there should also be little waste of 
wood and economical working should be ensured. 

2. Material Used, 

If all the parts of a sawmill are constructed of wood, they 
must be very massive and hence require considerable motive 
power; much friction is thus caused. The more, therefore, 
iron is used instead of wood, the less these inconveniences are 
felt ; on this account, the saw-frame and the guides between 
which it slides as well as the wheels and driving mechanism 
are made of iron in all new sawmills. 

3. Mode of Suspension of the Saw, 

As a rule, there is considerable resistance offered to the 
down passage of the saw-blade by the butt. If the saw is’ 

♦ Sec W. Kankelwitz, “Der Betrieb der Sageruiiblen,” Berlin bci Glirtner, 
1862 ; J. n. Domiuikus, “ Das illustrirte Handbuch filr Siigemuller und lland- 
sy^ger,” Remsoheid-Vieringhausen, 1889-SO, 2nd ed., 1891. 
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8usp6nded vertically, the first tooth of the saw which strikes| 
the butt would do all the work in sawing, the other teeth . 
passing uselessly through the cut made hy it. In order then 
to divide the work equally among the teelh and afford room 
for the butt to come forward during the up- stroke of the saw, 
the crank gives a forward motion to the blade in its downward 
cutting stroke and a retreating motion as it rises from the 
cut. The distance ))y which the topmost overhangs the lowest 
tooth is termed the slope of the saw. On this depends the 
cleanness of the cut. 

4. Kind of I'cvth Used, 

The most usual mode of construction of the teeth is that 
showA in Fig. 21)8, the cutting side of the teeth being some- 
what out of the horizontal line. Fig. 21)1) shows the old 



Usual form of teeth. (Ud f<*rm of teeth. 


German pattern of teeth which is still sometimes employed. 
The area of the tetdh is usually in a ratio 1 : 2 to that of the 
spaces between them, but in the case of saws used throughout 
the year for sawing coniferous wood, this ratio may be as low 
as 1 : 8. 

5. Tldcknos^^ of Blade, 

' It is highly iinporttint for saws to have a proper thickness 
of blade. Too thick a blade wtistes much wood and motive 
power, for the latter must be greater the more sawdust is 
produced and the broader the cut. When, however, a stronger 
motive power is used the tension of the blade must be greater, 
this involves a heavier frame and increased strength in all 
the other parts of the mill. All this causes increased resist- 
ance and friction. Too thin a blade, on the contrary, is not 
sufficiently stiff, easily gets heated, its tension becomes slack 
and it then cuts in a wwy manner ; it may also fail to cut 
.through hard knots or. annual zones in the wood. 



I Saws for hardwoods and for resinous, knotty wood of many 
conifers should be thicker than those used for soft, clean- 
grained conifei’ous wood free from knots. For blades of 
moderate length l£ to ^ mm. may be considered the best 
thickness for saws. Saw-blades are made now even thinner 
than this, while formerly blades 5^ to 7 mm. thick wore used. 
Tliin blades give a cleaner cut than thick ones. A good blade 
should also thin off towards its back. From average annual 
results recorded in the Harz mountains, it appears that with 
old thick saw-blades the saw^-dust amounted to 10 or 11 per cent, 
of the whole butt sawn, whilst with thin blades it is only 2^ per 
cent. There are, however, in the large coniferous forests, whore 
the price of wood is low, many sawnnills where the loss of wood 
still exceeds 12 per cent. 

C. Set of the Saii\ 

The extent of the set of the saws also influences the loss of 
wood considerably. Betting facilitates sawing, but only at the 
expense of the outturn, both in (quantity and (piality. Old- 
fashioned saws working in wood of good quality usually have 
a set of 0*75 to 1*00 of the thickness of the blade, causing the 
w'erf to be often 7 mm. and more. Attempts have recently been 
made either to dispense altogether with the set or reduce it as 
much as possible. 

7. Lenylh of Blade, 

The length of the saw depends on the thickness of the butts 
and on the play of the saw (t.c., double the length of the 
crank g, Fig. 290). The shorter the blade the greater its 
possible tension and the cleaner it cuts. The shortest length 
possible is double the thickness of the largest butt which is to 
be sawn. In a good sawmill this minimum should be exceeded 
only slightly ; evidently the play of the saw must correspond 
with this. 

8. Mode of Fixing Butts on the Carriage. 

The butt must be fixed firmly to the carriage, so that it 
remains rigid while being sawn. Numerous contrivances have 
^geui, invented with this object in view. 
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9. Hale of Motion of the Carriage. 

The rate at which the biitt-carriage moves towards the saw 
must correspond with tlie rate of the saw and the depth of tlie 
cut. The butt must not be too forward for the action of the 
teeth ; in order, therefore, not to overtask the teetli, the butt 
must advance less tluin the slope of the saw and size of the 
teeth apparently permit. Inmost old sawmills the depth of 
the cut is between b and 1‘2 mm. ; in new ones between BO 
and 8() mm. Inshjad of the old arrangement of the rack 
and pinion feed, rollers are used, by means of which the work- 
man has a far better control over the rate of progression of 
the carriage. 

10. Hole of Hawing. 

The rate of sawing depends on — the relation of the amount 
of motive power available to the mechanism in use; the 
degree of resistance ottered by the wood and of fi iction by the 
saw during the sawing ; also the amount of phiy of the saw, for 
the greater this is for a given motive }){)wer the less ra[)id is 
the rate of sawing. In old saws the play of the saw was often 
0*00 to 0*80 meters, with a moderate waUu'-power and moder- 
ately-sized butts 70 to l‘iO strokes were given in a minute. 
\Vhen a return was made to short blades and the play was 
reduced there was an increase in the number of strokes i)er 
minute. Superior saws of new construction have a play of 
0*30 to 0*50 ni., and give on the average 200 strokes in a 
minute. It should be noted also, that the more rapid the 
sawing the greater the space left between the teeth of 
the saw. 

11. Kcomnnieal Working. 

The value of a sawmill depends also on economical con- 
struction and labour. It is evident that simple forest sawmills 
driven by water-power, in which only a small capital is 
invested and where owing to their situation in the forest 
transport -charges are minimised, can work cheaply and com- 
l^etewith large sawmills which have more difficulty in securing; 
cheap raw material. As regards the cpiality of the planking, 
however, which depends on the best mechanism, as a rule^t^ 
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the large mills are superior, owing to their suiooih cut. [The 
maintenance of State sawmills in French coniferous forests 
depends on the wish of the Government to enable small timber 
purchasers to compete ^Yith large sawmill owners, who would 
otherwise have a monopoly. The State gives the use of a 
convenientlv situated sawmill as one of the conditions in the 
sale of a lot of trees. The purchaser pays to the State a fixed 
rate per scpiare meter of wood sawn. — Tr.] 

(b) Steam Sawmills. 

1 . Frume-fnars. 

Althoiigli most of the sawmills which will be now described 
are driven by steam, the use of water-power is not excluded; 
it must then be strong and steady so as to be suitable for 
powerful turbines. Whilst forest sawmills usually work with 
only one saw, or at most two saws, steam sawmills are^ supplied 
with a number of saws and other wood- working machines, so 
that they can turn out wood completely ready for use in 
buildings, etc. They dilTer chiefly from forest sawmills by 
theii* enormous outturn and its better (puility. 

llesides differing from forest sawmills in tlu'se points and in 
their motive power, steam sawmills also are constructeil differ- 
ently ; being formed comi)letely of iron they are more com- 
pact, stronger, possess greater stability and work more evenly ; 
friction is reduced to a minimum and they are much more 
powerful. Tliis greater power is utilised specially in steam 
sawmills by there being several saws, up to 10, in the same 
frame, all of which work at once; a butt is thus sawn into 
planks in one operation. These are termed multiple saws. 
As regards the power required to drive multiple saws, it is 
estimated that three horse-power is recpiired for the empty 
frame alone, one horse-power for the first four blades and for 
every other blade half a horse-power. These saws are con- 
structed on the same principle as ordinary saws, but mechanical 

• An excellent account is given of modern American sawmills by Hotchki^ 
in “ Kncyc. Brit.,’' 1880, vol. xxi. Also see WorsKam A Co.’s ca-alugue (King 6 
Road, Chelsea). Mathey, “ Exploitation Commeroiale <les Itois,” vol. ii., 1906, 
^^ivcs an excellent detaile^l accx>aut of steam and water sawmills. 





improvements are introduced to increase their efficiency an^ 
/reduce the motive power required to drive them. 

Figs. 300 and 301 represent one of the numerous kinds of 

multiple saws from the 
catalogue of Kircher & Co., 
of Leipzig. The frame, 
which is generally driven 
from below (A), runs very 
smoothly in simple bear- 
ings (a a) and may support ■ 
10 to 20 blades at suitable 
distances. The blades are 
usually fixed in the frame 
by wedges. The butt to 
bo sawn is supported on 
carriages (m i//), one on 
either side of the saw and 
both running on a light 
tramway, on which it is 
firmly secured by iron dogs 
{n ?/). Two pairs of remov- 
able grooved iron rollers' 
{z z) above and below the 
butt press it forwards 
against the saw\ As soon 
as the butt has been sawn 
through it is removed by 
butt-carriages in front of 
the saw, another butt is 
then brought up from 
behind into contact with 
the saw. No time is lost, 
as in forest sawmills, in 
reversing the butt-carriage 
while butts and logs of any 
801 shows the same saw in 



f Fig. 300. — Multiple saw. 

vlength may be sawn. Fig. 


; perspective. 

In order to save time in sharpening the saws (which must 


I' 


generally be done every 6 or 7 hours) the frame with the saw^ 




S it can be removed easily and another with freshly -sharpened 
saws substituted. 

The best steam saws have a play of 80 to 60 centimeters 



Fig. :Fj 1 . — M ultipie saw. 

(12 to 20 inches), giving 200 to 300 cuts a minute. For 
'^wing coniferous w^oods they have very thin blades with 
5 scarcely any set ; they turn out planking, whenever a large 
l^uantity of raw material is available, at rates scarcely dearer 
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than ordinary forest saws. It should be noted also that saw- 
mill engines are often driven by burning sawdust and refuse 
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’ijechanism to replace manual labour in working the mills. Af, 
the question there is one of entirely clearing the forests of 
wood, for which purpose tramways are constructed expressly 
and penetrate every year deeper into the forests, it is evidently 
business-like to set up pony-saws in the midst of the forest ; - 
nowhere therefore are various kinds of pony-saws more the 
^rder of the day than in California. They work gtuicrally 
with circular saws. 

‘2. Ciirular Sairs. 

Circular saws consist of a circular thin steel blade furnished 
at its rim with a continuous row of teeth and cajiahU* of rapid 
rotation round a horizontal axis. These saws are vertical, and 
only about of their area is available for work. 

Circular saws require a comparatively low motive power ; 
their dimensions vary considerably from 8 in. to 4 feet (()'‘2() to 
1*20 m.) diameter, whilst the thickness of the hlad(', varies from 
1 to 3*5 mill, A moderate-sized circular saw moves, at its 
circumference, at the rat(K)f 50 to 05 feet (15 to 20 m.) a stscoiid, 
for hardwood and 05 to 100 feet (15 to 30 mm.) for softwood. 

The commonest us(‘s of circular saws are as follows : — 

i. Large circular saws for removing side-pieces from beams, 
thus replacing much tedious work with the adze. Although 
this can be done also by frame-saws, yet thii circular saw is 
often preferred, as it works the more quickly of the two. By 
means of mechanism, the log resting on rollers moves automa- 
tically tow'ards the saw. 

ii. Large saws for cutting butts into planking ; these are 
generally used after tlu*. butts have been sawm in half by 
frame-saws. Circular saws are used much more commonly 
for this purpose in America than in Europe. 

[Where driven by engines of from 25 to lOO horse-power, 
the circular sawmill will turn out 20,000 to 60,000 feet a day 
in addition to running double-edge and trimming saws, trim- 
ming off the rough edges and bad ends of the lumber.* — Tr.] 

iii. Double-edging circular saws for edging planks and boards 
consist of two saws on the same axis, the distance between 

: them being capable of adjustment. They feed by rollers. 


• “ Eucyc. Brit., ’ 1886, vol. xxi., p, 



iv. Saws for laths resemble the above, but there are 8 to S| 
blades on the same axis, which cut up planks into laths or| 
^ther scantling. ^ ^ 

V. Ordinary circular saws, used for sawing planks into thin' 
boards, such as those used for cigar-boxes, packing-cases, ^ 
staves, etc. The wood may either be pushed by hand along a ' 
bench to the saw, or automatic feed may be adopted. 

vi. Another form of circular saw is used for shortening 
logs, removing had ends of planks, refuse wood, etc. These 
saws may be either fixed or transportable.* 

8. Ban<l‘Saini. 

A Imiid-saw is a long thin flexible st(;el ribbon uniting to 
form a belt and bearing tet^tb on one side. It pa.sses above 
and below over two large i)ull(^ys, the lower pulUiy driving the 
saw, while the upper one is driven by it. Thus, like the 
circular saw, the band-saw cuts continuously, and also either 
vertically or horizontally. 

Band-saws re(iuire 25 to 40 % less motive power than 
circular saws, the friction caused is also less and very little 
waste of wood is caused, saving 20 % compared with other 
saws. They yield smooth and fine scantling. 

Band-saws w^ere first used in small work, either with a fixed 
or movable table, and especially for cutting along curved 
lines. More recently they have been used for sawing large 
butts (Fig. 804) and are now ousting frame-saws for this and 
other purposes, especially in America, where the band-saw is 
considertid the saw of the future and can turn out 40,000 feet 
in a day. 

Machine-saws for felling trees have been described already 
(p. 181). 

4, Saws for cutting Veneer and thin Boards, 

Veneer-saws differ from other frame-saws by working 
horizontally with their teeth pointed downwards. The wood 
to be sawn is fixed in a vertical frame, the feed being of an 
ordinary nature, except that it is from below upwards. 

Km a good description of an American sawmill, ride “iSncyc. Brit.y 




Kig. 804.— Band-saw. 


into voneer without any waste, the thinnest veneers sawn 
beinj» 7 to a centimeter. Drum-saw’s have been invented^ 
recently for sawing curved staves for barrels. 


5. Outturn and Asmiment of Sawn MateriaL 

The outturn from sawmills and the sorting of the material 
can be discussed here only in a very general way, so far as it 
^concerns foresters. 


K K 


[It iB best to begin by defining the different kinds of boards'' 
according to tlie EngliHh market : 

Boards 7 inches broad are battens 
„ 9 „ „ „ deals 

„ 11 „ „ » planks.—Tr.] 

When the logH are sawn into boards, there is a wastage of 
30 to 50 % in wood free from sapwood, so that one hundred 
cubic feet of sawn material comes from 160 cubic feet of 
timber in the round, or 100 cubic feet of round timber yields 
60 cubic feet of planking ; in planks of the best quality, the 
outturn is only 30 to40/o. The wastage is least in beams and 
large squared pieces, more for planks and most of all for 
battens free from sapwood and pith. 

In assorting sawn timber the most important points are; 
soundness, dimensions, knottiness, coarseness and fineness 
of sawing, squareness of section ; whetljer the hoards are 
of the same breadth at either end or are slightly conical, also 
whether the bole or the top of the tree has been sawn. 
Besides these, the nature of the timber, quality of grain, 
straight or torse fibre, colour and finish must be considered. 
The parts of the bole between the pith and sapwood yield 
the best boards, while the central board is the worst, and 
contains usually a number of small hard knots. Of knots, 
loose ones reduce (piality greatly, while sound firm knots 
are less injurious. The length of boards depends on local 
custom, but their value increases always with their breadth. 

As regards the storing of boards from freshly-felled stems 
they should be left lying one on another for a short time after 
the sawing in order to prevent warping; then they should be; 
stacked vertically for a few days against a horizontal bar with' 
^supports. This allows much sap to run out. They should 
then be placed in rectangular stacks, raised from the ground 
on supports, each board being separated from its neighbours 
by a small piece of wood, so as to allow* complete aeration. ; 
Oak planks should not be placed one on the other as they w*ere 
in the log, but on their edges and apart. Only after a few 
months should they be stacked, as they were in the log, witli5 
pieces of wood between adjoining planks. In large stacks 
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slight inclination to the horizontal should be given, so as to 
allow the rainwater to drain off. 


Section II. Other Wood-working Machines. 

1. Veneer-iAanes. 

For a number of years veneer planes have been used instead 
of saws for cutting veneer. There are two kinds of machines 
used, one cutting straight and the oilier sjiirally. In the 
former, either the horizontal O-foot blade is fixed and the wood 
pushed under it, or the 
wood is fixed and the blade 
works over it, tlio veneer 
coming off of the thickness 
of paper. With spiral 
machines, the wood is in 
cylinders and is fixed in 
a lathe and turned slowly 
on its axis. The sharp 
blade acts tangentially on 
the wood and keeps cut- 
ting in deeper, until the 
veneer is pulled off in one 
long piece from the cylinder 
that is reduced gradually 
in sizo. The thickness of 
the veneer can easily be as low as 0*25 mm., so that there are 
40 widths in a centimeter of wood. 

[A machine for cutting thin boards was invented in 1875 
by Leon Plessis,"^ the action of which maybe understood from 
Fig. 305 ; {a) is the cutting blade, 3 or 4 meters long, 
fastened to a frame (h ) ; (c) regulates the thickness of the cut 
pieces of wood, which may vary from 2 to 20 mm. The 
greatest thickness which can be cut is 2 centimeters, supply- 
ing boards for cigar-boxes, packing-cases, etc. The instrument 
elides up and down in a vertical frame, a piece of wood being 
jeut at each down stroke, and the butt, which is being cut, 

Fiainjaise <le tranchage de bois, 4, X’aisage Charks Dallej-y, Paria, 

k ir ^ 
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advances through a space equal to the thicaness oi iaev« 
section at each up-stroke. The cutting i)art of the machine ,;., 
weighs <) tons. The butts cut are as long as the cutting-hlade, i 
and are steamed previously, the wood being chiefly softwoods, . 
such as poplar or alder. This process yields 30 or 40 sheets 
to the inch, while sawing veneers yields only about 12 sheets. 

The pieces when cut are pressed dry by hot rollers ; then 
they are replaced consecutively so as to reproduce the form of 
the butt from which they were cut, when they are fastened 
together and luqit ready tor use. 

This machine is driven by 20 horse-power and cuts in a 
minute 20 pieces, 3 meters long and of any thickness up to 
2 e. It can cut 30,000 scpiare feet of boards in a day.*^— Tr.] 

2 . 1 ^laninif-Machincs. 

Planing-inacliiiios consist of rapidly rotating, narrow, steel 
cylinders up to a meter in length on which several removable 
blades of tlu* sam(‘ length as the cylinder are fixed and they 
plane th() pieces of wood that arc pushed forward under the 
cylinder. I’laiH'S of this hind are now constructed, either to 
plane smoothly, or to cut mouldings in the wood. There are 
also planing-machines that plane four sides of a piece of wood 
at once. Tn this way wood is prepared for door and window 
frames, for parquets, for picture-fi*ames, etc., and such pieces 
are sent extensively into the marluT by forc'st-owners in 
Sweden. 

3 . Wood ‘fur nin<f Machinai. 

Wood-turning machines of various patterns are used to cut 
curves in wood, as in the legs of chairs, etc. ihe cutter 
takes the form of a spindle with spiral or angular blades. 

4. Wood-wool Machines. 

These are plaiiing-machiiieB in which the plane is fixed and 
the piece of coniferous, poplar or limewood is pushed against 
it, or the plane moves over the wood that is fixed. The 
cutting edge is movable and of various dimensions, so that 
pieces of wood can be cut of different sizes. 

^ Boppe, tifp. cit 
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5. Wooden Thread Mdchiuea, 

These are constructed similarly to the above-mentioned 
machines, only there arc a number of circular planes fixed 
close together on a flat edge. Either the wood is pressed 
against the planes or the latter against the wood; round 
rods or threads are produced of the same diameter as the 
planes, and of the same length as the piece of wood. 

0. ]]"ood-hendiu(i Machines. 

As already stated (p. 96) wood hecomi'.s pliable when 
moistened and heated. Steamed or boiled wood when dried 
retains the shape that is given to it. lSia,mm\ labour suffices 
to bend small piecijs of wood, but large pieces for wheel- 
felloi's 01 * for curved wood us(h 1 in ships and barges are, bent 
by machines. As in bonding wood the fibres on the outer 
convex side are sti'otched and may break, ])recaution is taken 
to bend th(‘, wood rather by shortening tlie inner libn^s than 
by stretching ilu'. outer ones, ddie pii^ci^ of wood is therefore 
fixed along a thin ])iec(‘ of steel between two strong l)ent iron 
clamps at its transverse ends. The wood is then pressed 
against a cylindrical surface, so that both wood and steel are 
bent, the steel preventing the stretching and breaking of the 
wood-fibres. 

7. ]Va<}d-])ressin(f MttcJdnes. 

Cast brazen dies are pressed into wood by a strong iron press. 
The wood is boiled or steamed, or the dies are heated by red- 
hot irons. Wood can be pressed more easily on its transverse 
section, than tangentially or radially. A piece of veneer is 
glued on to the surface of the wood before it is pressed, so that 
it may be imagined that the wood is curved and not pressed. 
If pieces of veneer 3 mm. thick are pressed between two 
slightly undulating iron plates, the undulations in which fit 
into one another, wavy wood, or curls, may l>e imitated. When 
this wood is planed, imitations of mottled wood are produced 
completely resembling the structure shown in Fig. 47. 

8. Wood-pidping Machines. 

There are two kinds of these machines, one in which the 
rittiface of the wood is rubbed or planed away, and this is 
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done usually by manual labour. In the other kind of 
machine the wood is cut up into wood-pulp for paper manu-' 
facturo. By the former method the wood in cylinders 10 to 26 
cm. in diameter and varying in length, of aspen, lime or 
spruce, is barked and cut into pieces about a foot long ; it is 
then split and all knots bored out of it. Then the pieces are 
pressed against a rotating stone under a steady flow of water, 
the coarser fragments are sifted off and separately reduced to 
pulp, and the fine })iilp freed from superfluous water and 
pressed into its marketable sha])e. This is white pulp of the 
same colour as the wood. 

If, before grinding, the wood is steamed at a pressure of 
2 to G atmospheres or boiled, brown pulp is produced, which 
has longer fihre-s than white pulp; after adding glue, clay, 
etc., it is used for brown ])aper for packing purposes. The 
first wood-])ulping machim‘s were constructed in lleidenheim 
by Volter; they require a considerable flow of water, both 
for pow(U’ and for the purposes of manufacture. There are 
now 700 pulp-factories in Germany, which use annually one 
million solid cubic meters of word (85,000,000 cubic feet). 

Besides the more important wood-working machines there 
are a numhtu’ of others used for special purposes, such as 
mortising and turning machines, and oscillating augers for 
boring holes of various dimensions. Among the splitting 
machin( 5 S those for reducing the size of firewood billets art 
employed extensively in large towns. 


B. TREATMENT FOR THE IMPROVEMENT OP 
WOOD.* 

Section I. Improvement in Appearance and Quality. 

1. Imp'Qvemetit ia Tcjiure, 

The woods of many species, c.//,, lime, 'birch, alder anc 
conifers, are not ornamental, but the method described oi 
p. 501 can be adopted to render them so. 

• 11. stabling, “Tecbiiisclicr Ratge1>er auf dem (Icbietc der Hohindustrie;^ 
Leipaitg, 1001 
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The texture of valuable woods is imitated by stamping on 
soft woods the characteristic marks of good woods, by means 
of hot cylinders or plates on which these marks are embossed. 
They cut grooves in the wood resembling sections of wood- 
vessels, so that alder or beech wood may imitate CcdrcJa 
odcrata for cigar-box wood. The texture also may be 
imitated by graining, in which a ground-work of oil colour is 
made, first, l)y laying on two coats of a colour lighter than 
that of the wood to be imitated, and then, with a kind of 
comb, or a fine paint brush, the veins, etc., are painted with 
turpentine coloured to match them. Thus walnut is imitated 
from alder and beech, mahogany from cherry-wood, rosewood 
from sycamore, oakwood from spruce, pine or silver-lir. A 
finer texture is obtained by branding. 

The best means of improving the texture of wood is )>y the 
use of veneer, when softwood is covered by thin sheets of 
a valuable wood. This cannot be called a falsification, for 
veneering involves cheapness, reduction in w(*ight, and pre- 
vents warping. The woods of sin*uce, pines, silver-fir, limes, and 
poplars are used as the substratum (Blhidhol:), whilst finely 
textured and coloured walnut, mahogany, rosewood, bird’s-eye 
maple, ash curls or oak serve as veneer. By special arrange- 
ment of the markings on the veneer, symmetrical figures are 
produced that lieighlen greatly the beauty of the work. The 
adjoining surfaces of the blind-wood and veneer are roughened 
vcarefully with a special plane and the former. covered with 
glue on which the veneer is pressed. This plane has a row of 
pointed teeth, instead of a flat cutting edge. 


2. Improrement in Colour* 

There are numerous materials for improving the colour of 
wood. Thus bleaching is effected by destroying the colour- 
ing-matter in wood by various chemicals that are rich in 
oxygen, such as hydrogen peroxide and ammonia, sodium 
or barium peroxides with oxalic acid, or silicates of alkalis ; 
ulso with calcium-chloride and solutions of soda or potash. 
|(tainiDg is done to give a fashionable colour to inferior wood, 
hither bv imitating the colours of exotic woods, or even 
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eolours that do not occur naturall.y. If the wood is to he 
coloured siipc^rficially only, it is Buihcient to paint it with the 
stain. If it is to he stained throughout, as is necessary for 
wood-mosaics, apparatus are used similar to those impreg- 
nating wood with antiseptics. Staining does not obliterate 
the texture of the wood. 

Brown stains are used for imitating oak and walnut wood, 
or to give these- woods tlui appearance of anticpiity. Beech, 
hirch, hornbeam, spruce and silver-lir take brown colours well. 
The staining matUu* is (ixtract of tho husks of walnut, Cassel 
brown, cat(!chu, manganese pc'roxide, potassium chromate, 
gallic acid, extract of tar, etc. Black stains are used to 
imitate (d)ony, the wood of ilu‘. pea-r-tr(‘e, liiiu', hornbeam and 
Violly being suitable. Certain salts of anilin yield a black dye. 
[A simple method is to brush the wood ovt'i* with a strong 
solution of sul))huric acid and water, also by boiling 1 lb. of 
logwood with 11). Brazil wood for bours in a gallon of 
water and brusbing tluj wood several times with tbe bot 
solution.— Tr.] Bed stains an* us(‘d to imitate mabogauy, 
ma])le, asb, bircb, ald(‘r and beecb bring suitable woods ; 
alkanet {Albtnifa tinvioria), cocbineal and anilin dy(‘S are used. 
Green and yellow stains are made from verdigris and anilin. 
Blue with indigo and anilin dyes. 

Painting wood increases its dm ability, exchub^s moisture, 
prevents warping and conceals all its defects, ^^'ood-pai^ts are 
produced by pounding lime and coloured substances such as 
white lead, chalk, yellow ochre, verdigris, Brussian blue, red 
lead, chrome red, lampl)Uick, etc., with oil, lac, varnish (alcohol 
or turpentine, with sandarac (gum of CaJlItrifi quadriralris), 
mastic or lac). Before applying tbe paint, tbe wood should,, 
be prepared by filling its pores and unevennesses with putty. 

It may be noted that in Japan, pale birch wood is cut bo 
that yellow and rod specks and stripes, due to fungi, appear, 
and this improves tbe colour of tbe wood, which is then used 
for turnery. 

8. Improvement in Lustre, 

Polishing gives \vood a permanent bright lustre, renders its 
texture clear, excludes humidity and prevents warping and 
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craclss. Solutions of lac or of Manilla copal in alcohol are 
rubbed on the wood. Oali parquet floors are rubbed with 
beeswax to make them shine. Lacquering is used for inferior 
furniture, by rubbing it with solutions of copal, sandarac, 
mastic in alcohol or turpentine j or with that of copal in 
linseed oil, this dries slowly but affords the most permanent 
lacquer. Japanese lacquering, famed for its durability, is 
effected by means of the latex of Hints n‘rnir[h'ni, ^Voods of 
Clunttaect/pni'is and MittfnoUa are the substrata of tlu^ best 
Japanese lacquered work. CnfpUmerut wood is used chitdly 
for inferior goods that are exported to Lurope or America. 

4. Tmprorcmcnt ht Uarduess. 

This may be effected either by lijird(ming or by iirst 
softening the wood. The flbres of the wood are softened by 
boiling the wood in \>ater, or ladter by steaming it under 
pressure; if befon? steaming it, the wood {('jf. luujcbwood) 
is steeped in dilute liydrocbloric acid, it becomes, after being 
steamed, so soft and plastic that it can ]>e piessed into 
its original volume. Boiling wood in saturabid solutions of 
calcium-cbloride also renders it soft and plastic. Mood 
may be hardened if it is painbid with soluble-glass, oi bettei 
still, if it is impregnated with soluble-glass by pneumatic 
pressure. Ijiipregnation of wood with caustic potash or soda 
renders it highly resistant to atmospheric influences. 

5. Increasing the Weight of Wood. 

If increasing the weight of wood could improve its economic 
value, it would be quite easy to effect this, but whenever the 
'weight and durability of wood is increased by impregnating 
it, the extra weight is an accompaniment that is burden- 
some in commerce, so that there can be no advantage in 
increasing the weight of the wood unless some other advantage 
is secured. A reduction in the weight of wood is attainable 
and advantageous only as long as it contains water. Once 
wood is dry, its weight can be reduced only by destroying its 
substance. Hence, where lightness is desirable, softwood 
instead of hardwood should be chosen, or the lightest oak- 
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wood instead of heavy oakwood, or veneered softwood instead 
of massive hardwood. 


{). Iinprovt’ineiits in Hjpjnm'opicitij, 

In order to counteract as far as possilde the evils of the 
varying humidity of wood, such as warping, cracking, sw'clling 
and contracting, the following remedial measures niv. available. 

To prevent air-cracks and heartshake in logs, it has been 
recommended that trees ])oforo tliey are felled may he barlied 
to a lieight of one meter and not felled until they arc dead. 
The loaves then pump out much water from the stem. 
11. Hartig has, however, shown that the loaves die before the 
stem has lost a tliird of its contained wahu*. l^jven the girdling 
of a tree down to tlu* heartwood, which kills conihu’s in a few 
w('eks, does not kill hroadleaved trees till 1 to 3 years, so that 
in this e\i)eriment, as well as in that of leaving the crown 
with its foliage on a felled irov., the leaves dry up long before 
the stem has become aj)preciably dry. These practices, wdiich 
appear so plausible and easy, liave appeared in literature for 
more tlian a century ; they were recommended even by riiny. 

iletter remedies may be tried after a tree has been felled, 
such as partial barking the tree along the stem in pieces of a 
hand’s width, or the removal of the bark in a spiral up the 
stem so as to delay the drying and the formation of cracks. 

In order to prevent star-shake at the base of a log, paper 
may be glued on. Paper is glued on to all the surfaces of 
valuable exotic balks ; pieces of bark may be nailed on ; on 
pieces of thin planks of wood, grease may be laid, or carbo- 
lineum, wax, clay, petroleum, linseed oil, tar, rabelka (sebasate 
of alumina), soluble-glass; or B-shaped clamps driven into the 
wood. It is generally believed, that by w ashing out the soluble 
salts, plasma and sap of wood, not only its durability is 
increased, but also cracking is prevented and w^arping reduced. 
Hence floating, rafting, boiling and steaming are recommended. 
Impregnating wood with various substances is a good pre- 
servative against w^arping, although the chief object is to 
render it more durable. Thorough desiccation of the Avood 
is highly effective. Formerly this was secured by storing the 
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wood for years in airy places, where the wood was liept first 
in the open and exposed to moisture from the air, then in 
shady, dry chambers and finally in heated ones. At present 
there is not usually space enough for this,^ and the process 
is too costly, so that wood is sold either unseasoned or is 
seasoned artificially. Artificial seasoning is (nuployed 
extensively in America. In Zappert’s method of seasoning 
wood, jdaiiks, hoards, laths, etc., are exposed to air heiited to 
80^^ C. (51^ F.), while an exhauster removes the damp air; 
in this way dry softwoods become dry in fi to H days, hard- 
woods in VI to in daj^s, without exhibiting cracks or any 
deterioration in colour, elasticity, etc. If the air is also rare- 
fied, according to Schafbmius, th(^ desiccation is mon^ rapid. 
Wood may also be placed to dry in dry, ihw, sand, cha,rc()al- 
dust or powd('r(‘.d p(Mit. Wood inte.nded for \\ate,r-piiK‘s is 
plung( 5 d in water in order to tirevent cracking. After the 
wood is dried thoroughly, a coating of oil, paint, varnish, lac or 
polish, protects it from moisture, as lias been described already. 
Warping may be preventcul also, by constructing ai tides. of 
small pieces of wood, which arc fashmed together (billiard 
cues, parquetry, drawing-boards), or spaces are left to allow 
for expansion (door-panels, wooden ceilings, etc.), or species 
of wood are solocied that are known to he only slightly absoriitivc 
of water. 

7. Inarasc in IHmhiUiy. 

The pliability of wood is increased by means of moisture 
and heat. Bent furniture is made of steamed wood, so are 
felloes of wheels and curved planks in carriage-making and 
ship-building. 

8. Incrcffse in Durability. 

There are numerous ways of increasing the durability ol 
wood ; some of them can be employed before a tree is felled 
That girdling the lower part of a stem, or felling it with its 
crown of foliage, are not effectual has been stated already 
(p. 506). E. Mer recommends that a ring of bark should be 
removed immediately under the crown, not in order to dr^j 
the stem, but that the latter may be deprived of its sugar anc 
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starch by the new foliage, whilst freshly formed carbohy- 
drai(iH cannot, desccaid the stem ; this is said to increase the 
duraljility of ili(‘ wood. 'Die question whether wood felled in 
summer or in winhu* is the more durable has been discussed 
since the time of I’liny (<;/. p. 10‘2). Of much greater import- 
ance, how(iver, than the season of felling is the subsequent 
lr(!atm(‘nt of the wood (during conversion, seasoning or trans- 
port) and the kind of \Nealher tliat prc^vails at the time of 
felling. As regards the h\tt(S’, autumn and winter are probably 
the most favourjihle hdling-pc'.riods. 

Every precaution tak(;n to secure thorough desiccation and 
to ])revenl the wood from again becoming w(‘t (<-/. p. G) increase 
its durability. Slow desiccation of coniferous wood must 
increase its durahilitv, as more rosin becomes injectcid naturally 
into the heartwooil and h'ss of the volatile turpentine evapo- 
rated. EK)uncl(‘r considers that when wood is sieejUMl in 
running water or lloatc'd, its soluble contents are iMunoved and 
that this faa'ours durahilitv. This can he the, casci only wlieri 
the wood, afhsr removal from the wahu-, is drie,d thorougldy. 
Steaming wood has a similar (dTect wluai it is di ied alhu' being 
steamed. 

When wood is used under conditions unfavourable for its 
durability, those s])ecies should he selectcil that are highest in 
the scale of durability on page 100 of this hook ; as the sap- 
wood is not durahh' it should he removed always. The surface 
of posts and i)iles in contact with the ground may he charred, 

, which should he done hy a])plying a blast flame to it, as jdacing 
the wood in an open fire cracks it and exposes it to the attacks 
1 of insects and fungi, or to the inhibition of rain-water. The 
tops of posts can be sheltered from rain hy nailing on them 
plates of copper or zinc, a measure that is also protective for 
the wood- work at S(^a.-ports against teredos, etc. 

Impregnating ^\o()d with antiseptic su])siances is to be 
recommended. An extensive literature lias appeared on this 
subject owing to tlie great interest in railway and mining 
%vorks, street-paving, etc., and to the desire of forest-owners, 
that woods which are naturally of slight durability only may 
obtain a hotter market. The next section will deal with this 
. subject as far as is necessary for Forest Utilisation. 
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Section II. - Antiseptic 'I’iieatment of Woot>. 

I. Methods for Converting the Decomposiblo Constituents 

of Wood into Antiseptics. 

According to Kent’s process at Stettin, tlu' wood is dried 
by liot air in a closed chamber; after the air has hiion 
exliaiisted, oxygen is admitted into the chamber. The oxygen 
that is absorbed by the wood is converted by intermittent 
electric sparking into ozone, by means of wliich the readily 
decomposible constituents in the wood are oxidised into 
terpenes and creosotes. 

Haskins’ process* consists in placing the wood in cylindrical 
waggons into an iron boiler 0^ feet in diameter and 112 feet 
long (b’ig. liOD). After the boiler has been closed, air heated 
to dOO to 500^ C. is pumped into it for several hours, after 
wliich the pressure is removed and the wood allowed to cool. 
Owing to the high temperature, sugar, gum, lannin, protein 
and starch are converted into the antiseptics, acidiic acid, 
methyl alcohol, [dienol, creosote, etc. ; these substances 
amount to 12 per cent, of the weight of the wood. The pro- 
cess is termed Haskinisation, or Vulcanisation, and has given 
good results on the Manhattan Itailway, New York. 

II. Methods for Eemoving tho Easily Decomposible, 
Soluble Constituents of Wood, and replacing them 
by an Antiseptic Substance. 

1. Materials used for Injection. 

A number of substances have been knowui for a long time 
that render wood durable, such as resin, essential oils, 
camphor, tannic acid, acetic acid, lieavy tar-oil (creosote) ; 
also several salts, as green, white and blue vitriol (sulphates 
of iron, zinc, and copper), chlorides of iron, zinc, mercury or 
magnesia, Glauber's salt (sodium-sulpbate), common salt, etc. 
Only a few of them are, however, applicable on a large scale, 

• According to Grady, ‘’Rev. des Eaux el Forets,’’ 180d, Ma)er has the prior 
claim to this invention. 
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StTld of tllGSQ tllG following ftro llt prOBSnt in tho iiuuii ruuitt. ;*~~ 
Biilphate of copper, chlorides of zinc or mercury, heavy tar- 
oils (creosote) and milk of lime. There are also a few other 
BubstaiicBS the use of which is still only in the experimental 
stage. 

Injection with sulphate of copper (blue vitriol) was employed 
in France on a large scale first by lioucherie, and has been 
used extensively since 1841 for building-timber, railway- 
sleepers and telegraph-polc's. Formerly this method was 
used extensively by railway-companies in France, Austria, 
and Bavaria ; this is no longer the case, though it is still 
employed hero and there for telegraph-poles, stakes and other 
small pieces of timber ex})osod to decay. Wood injected with 
sulphate of copper is harder than wood in its natural condition, 
but is rondercid more brittle and weaker by the process. 

[The salt also is washed out of the wood easily and it 
reacts on all iron with which it may come in contact, so that 
iron-fastenings aj)plied to wood so treated must be galvanised, 
or coaUid with zinc, and the wood tarred at the points of 
contact. — Tr.] 

Sir W. Burnett, in I8d8, patented a process of injection l)y 
means of chloride of zinc, which is at present used in many 
German, Austrian and American railways. Chloride of zinc is 
one of th(; cheapest antiseptic substances, and recent experience 
has proved that it is preferable to sulphate of copper. 

[Chloride of zinc does not corrode iron but is said to be 
"washed out by water ; to prevent this the Wellhouse* process 
has been invented in America. Glue is added to the solution, 
which is forced into the timber, and subsequently a solution 
of tannin is pumped into the injecting chamber, at a pressure 
of 100 lbs. to the square inch, forming with the glue a leathery 
substance which fills the pores of the w'ood and prevents the 
w^ashing out of the zinc chloride. — Tr.] 

The use of chloride of mercury (corrosive sublimate) was 
patented in 1832 by ^he Eiiglishmaii Kyan as a preservative 
for timber. 

[Kyanising was for some time used extensively in Britain, 
and is useful in dry situations but useless in sea- water; 

Kngi j»eer,” Sept 1 1 , 1891 . 
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corrosive sublimate being a strong poison has also the draw- 
back of injuring the workmen who are employed in haiulling 
it ; it also corrodes iron and is somewhat volatile at ordinary 
temperatures,— Tr.] 

Creosoting with heavy oils from coal-tar is employed chiefly 
in Britain, and is now being used increasingly in France, 
Germany and other countries ; although the method of inj('.c- 
tion now employed is capable of improvement, it is iindoul)tedly 
superior to injection by metallic salts. Creosoted wood is 
hard, tough and black, much less absorptive of moisture than 
uncreosoted wood, and does not form chemical combinations 
with metals. On the Emperor Ferdinand Uailway, in Austria, 
a mixture of chloride of zinc and carbolic acid is being used 
with good results. 

Blythe at Bordeaux injects wood with steam containing 
tar-oils. [Boulton considers that no good can result from 
this, the light oils being too volatile to remain long in the 
timber; on the otlier hand, the injection of heavy oils in 
the form of vapour is prevented by their high l)oiling point 
^ranging from 100'' to 700' F., while timber is rendered 
brittle and unsafe for engineering puri)Oses at a temperature 
of 2r)lF F.- Tr. I 

Stuart Monteith first used milk of lime to fill the} i)ores of 
timb(!r; this method has been reintroduced by Frank and 
is useful for preserving furniture and oilier woodwork under 
cover, but its utility is doubtful for wood in tluj open. 

2, Metlitnh of Injection, 

The method of injecting wood by the various substances 
already referred to is as influential on the result as the anti- 
septic substance itself. The most important methods are : 
hydrostatic injection, pneumatic injection, imbibition by 
immersing or boiling the wood in solutions of the antiseptic 
substances. 

(a) Hydrostatic injection. — At first the antiseptic liquids 
were absorbed by the natural force of the foliage raising the 
sap, incisions being made with this object at the base of the 
stem of a standing tree. This method was abandoned owing to 
^its impracticability [and the fact that the foliage exerts only an 
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Upward pressure equivalent to that of 10 or 12 feet of 
water.* — Tr.] Boucherie discovered that a pressure of one 
or two atmospheres applied at the transverse section of a 
log is sufficient to expel the sap and replace it by another 
liquid. 

Stems or poles, witli their hark intact, are jdaced nearly 



jorizontally (Big. 30G, a) on a timber framework; the 
iquid (1 part sulidiate of copper to 100 parts of water) flows 
'rom a vat h, which is supported on a trestle 2G to 32 feet 
ligh, passing by the pipe m into the conducting tube n under 
die ends of the logs, it enters the logs through the gutta- 
percha tubes j), each tube having a separate tap. In order 
50 prevent the liquid from escaping by the anterior section 
3 f a log, a piece of hempen rope is placed round its periphery 

• Boppe, op. cit.y p. iVi. 
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and a board {d^ d, Fig. 307) placed over the rope and pressed 
firmly against the log by a press h and two tension screws 
and nuts. The section of the log, the board d and the piece 
of rope placed in a ring between them, enclose a hollow space 
with which the gutta-percha tube communicates by means of an 
oblique auger-hole bored in the log. The solution of sulphate of 
copper fiowing from the vat d, with a pressure due to its height 
above the grouiul, is therefore driven into the log and expels 
most of the sap, which issues from the smaller end of tlio 
log, at first pure but eventually mixed with the injecting 
solution. This waste liquid flows into a wooden trough 



and then is conducted to the tank A", which is provided with 
a filter to exclude impurities [and also a basket full of crystals 
of the injecting substance in order to maintain the strength 
of the solution — Tr.]. The liquid in K is then pumped back 
into the vat h by the pump u\ Instead of forming the hollow 
space at the base of the log by means of a piece of rope, 
Oesaii used a metallic vessel like a round, shallow box, the 
sides of which are sharpened so that they can be driven into 
the base of the log with a few blows of a hammer, whilst 
there is an orifice in the base of the box into which the tube p 
is screwed. 

[Boppe states that long logs in France are injected by being 
i^sawn nearly across at their middle (Fig. 308), so that a 
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ihickness of only 1^ to 2 inches of wood is left below, then thSI 
log is raised by levers, and a piece of rope inserted in the' 
opening. On removing the levers, the log returns to its former" 
position, and the cut closes tightly on the rope ; an auger-hole 
is bored obliquely through the log into this hollow space, and^ 
the gutta-percha tube placed in it as before. — Tr.] 



Fiij. SOS,— Frt'nch luethml t>f iniootion. After Piopjx'. 


Wood to be thus injected should be freshly cut, and still 
full of sap. Stems therefore are topped, branches cut down 
to short snags, the btirk left uninjured and the injecting 
process applied as soon as possible. If the base of a log has; 
dried it should be cut again freshly before being injected. 
Logs kept in water for a long time preserve the faculty oil 
being injected. 

[^'he free ends of the logs are tested, either by their colouf 
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W by a chemical test, to ascertain when the injection is 
sufficient. — Tr.] 

In order to inject logs satisfactorily by Boiicherie’s process, 
a long time (up to 70 hours) and a large timber-yard are 
required. The injected logs are dried slowly and as thoroughly 
as possible, then they are barked and converted. 

When freshly felled stems ani injected, the bark must be 
preserved completely or the injecting liquid will escape. If, 
however, they have been kept for about three months, the pre- 
servation of the bark is not material, as the sapwood dries for 
a few centimeters down and l)ecomes impermeable for li<]uids. 

Another improved method based on that of Boucherie is 
that carried out by Pfister.* Instead of pressure due to a 
fall of about 30 feet, Pfister used a portable forcing-pump 
producing a pressure up to 20 atmospheres, he thus drove 
the injecting licpiid through tubes into the wood, the tubing 
being arrange d so that it can be lengthened at discretion or 
conducted at the same time to several logs. The advantages 
of this method are, that the injection is effected moie rapidly 
than by Boucherie, and in the fore.st immediately after the 
felling of the trees or poles without any necessity for trans- 
porting them to the injecting works. 

Ptister’s apparatus will inject thoroughly a beech -butt 
10 feet long in about half an hour, it heitig immaterial 
whether the bark is damaged or not. He also devised an 
improved method of enclosing the base of the logs. The 
apparatus, with several closing pieces of various sizes, costs 
from £200 to £300. 

(b) Pneumatic injection. — Antiseptic substances can be 
injected into wood more effectually by means of a forcing-* 
; pump than by the hydrostatic method, the process being 
conducted much more rapidly ; at present in Germany 
pneumatic injection is employed exclusively in the case of 
chloride of zinc, creosote, acetic acid, etc. 

In this case the wood is converted into beams, scantling, 
railway-sleepers, etc., and they are placed in large iron 
cylinders (A, A) containing the injecting fluid, which, at 

* Dimitz und Bohmerle, “ Centralblatt des gesammten Forstwesens,” Vienna^ 

'Am. 
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^temperatures of 112° to 194" F. (50" to 90" C.) is pressed into 
the wood by powerful steam forcing-pumps. 

The pieces of wood to be injected are packed as tightly as 
possible on the trucks (Fig. 310), and the latter are pushed 
along a tramway (/a, aj, Fig. 300) into the cylinders .4. 
When the cylinders arc full, the rails loading to them are 
removed, and the head x. adjusted and iixed firmly so as to 
close the cylinder. The wood is first steamed at a temperature 
of 112' C. (234 ' F.) for one 


hour ; the steam is con- 
ducted from the boiler M 
through the steal n-])ipe a. 

When the steaming process 
is concluded, the air is 
sucked out of the wood by 
means of the air-puipp 7>‘ 
and the injecting lupud 
(30 to 50 fold diluted chloride 
of zinc, the latter contain- 
ing 25% of zinc) is admitted 
through the pipe h h into 
the cylinders, the air-pump 
still working for some time. 

When the cylinder is full, 
the forcing-pump 1> presses 
the liquid into the wood. 

In order to effect this, a pressure of about f) atmospheres is 
applied for :] to 1\ hours. The injecting liquid is then drawn 
back into the reservoir, and the truck removed with its con- 
tents. The two cylinders are used alternately. 



Kl},^ ;no.— Kmiit of cylinder 

>Mtli a truck laden wMh wood. 


Quite recently it has become the practice to omit the steam- 
ing entirely and to dry the wood, especially in creosoting with 
tar-oil, etc. This method is employed in Berlin and also 
by the Great Northern Railway, Ireland. The drying is 
effected in a drying-chamber, heated to 177 ’ or 267^ J . The 
wood is then placed in the injecting cylinders, out of which 
the air is drawn, and the tar -oil admitted at a temperature 
of 113^ to 140^ F. (45® to 60® C.), and pressed into the wood 
in the same way as when chloride of zinc is used. 
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[Boulton^ says that the presence of water in timber at thei 
vime of creosoting is most prejudicial to successful injection, 
and that railway-sleepers and other tiuiher should be stacked 
and dried for several months before injection. This pre- 
caution can he secured easily in the case of rail way- sleepers 
or telegraph-poles, but when timber is sawn from logs kept 
in timber-ponds in the docks, it is diflicult to afford a proper 
ime for stacking and drying it before creosoting. Owing, 
lowever, to the injury done to timber by drying it artificially 
it temperatures up to 250' F., the action of stoves in closed 
jhambers, or of superheated steam, is very prejudicial; he 
jherefore considers 230 ’ F. as the limit of safety for heating 
iimber intended for engineering purposes. Ifoultonhas there- 
fore patented a process dej[>ending on the different boiling 
points of water (212’ F.) and of heavy tar-oils (350^ F. to 
700^ y .) ; the creosote is admitted at a temperature slightly 
over 212^’ F. and the action of the air-pump continued, so 
that any water in the logs is converted into steam and drawn 
off by the air-pump through a condensing worm in a dome 
on the top of the injecting cylinder. The creosote is still 
liquid at 212^ F. and replaces the water in the log, which is 
not then subject to any excessive heat, and consequently its 
tissues are uninjured. Boulton also maintains that in the 
case of railway-sleepers to be used in India and other hot 
countries, this injecting at a temperature of 21 F. fills all 
cracks in the wood with creosote; as in India therefore the 
sleepers will not be subjected to such a heat in the ballast, 
they will not crack any further there, which is not the case 
with sleepers inj(*-cted at a heat less than that they may 
experience in Indian ballast. — Tr.J 

When heavy tar-oil is used for injecting puiq>oscs, the wood 
is coloured dark black ; the hard, pitchy components of the 
tar form a crust almost as hard as stone on the surface and 
fill all the crevices o^ the wood. [In England about 50 gallons 
of heavy tar-oil are used per load of 50 cubic feet, the oil 
weighing 11 lbs. per gallon. — Tr.] 

F. Lbwenfeld has designed a portable apparatus for injecting 

,5, B, Boulton, “ An improvomeat in the process of Oreosotiug Timber.” 
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wooSf which is based on the principle of first steaming the 
wood and then injecting it by forcing-pumps in chambers 
deprived of air. There are six of these chambers, which can 
bo connected successively with the steam-generator, and in 
which the process of injecting is carried on continuously, the 
sixth chamber being removed and charged with wood, the 
first chaml)er steamed, and so oh. 

In Blythe’s system (according to Gayer) the wood is dried 
artificially and then placed in boilers, where it is subjected 
to a high pressure of steam containing heavy oil of creosote 
in suspension. The wood is subjected to injection during 
6 to 20 liours ; it is injected completely, and assumes a dark 
colour like that of several tropical woods. The softened wood 
is rolled and pressed till it is reduced in thickness by 
10 % or even 40 Vo- The effect of the injection is increased 
by compressing the wood, and thus a very superior kind of 
furniture-wx)od is productnl (Ijxner). It is ])reforable to use 
freshly felled wood, and Exner states that beechwood thus 
injected and compressed gains up to 19 % in strength. 

III. Steeping Converted Wood in Antiseptic Liquids,* 

This method is employed chiefly for kyanising slakes and 
small pieces of wood. Large wooden troughs like cooling- 
troughs are partly filled with a solution of 1 part of corrosive 
sublimate to 150 parts water; railway-sleepers, telegraph- 
poles, etc., are placed in them, weighted to make them sink, 
and kept from 8 to 10 days immersed. The solution pene- 
trates only 2 mm. into the wood, which cannot be altered in 
shape after immersion. 

[Boulton says that small pieces of wood, hop-poles, fencing 
slabs, stakes, etc., may be placed in an open trough witl 
heavy tar-oil, which is heated by a fire under the trough, can 
being taken not to raise the temperature of the creosote abov< 
230° F.— Tr.] 

Other methods by immersion give inferior results. 1 ormerP 

* Cy, E. Henry, ‘‘Preservation dcs Bois' centre la Pourriture. BergC 
jrteyraoH et Cie., Nancy. 1907. 
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wood was frequently boiled in antiseptic iiquias, steam > 
►eing introduced into the vessel in which the wood was ;; 
mniersed until the liquid, in it boiled. Blue vitriol, borax 
olution, etc., WTjre thus injected, but the liquid must be kept 
it the boiling point for 10 or 12 hours. 

Becently H. Liebau, in ^lagdebiirg, has attempted to intro- 
luce the liquid from the interior of the pieces of ww)d instead 
)f externally, in order to ])roiect the heartwood from decay. 
This method can be used only for stakes, piles, etc., the axis of 
svhich is bored through after they have been driven into the 
ground, and tar-oil, pitch, etc., poured into the cavity. Nothing 
IS yet can bo said regarding tbe efficacy of this method. 

[Boppe states that in France, mining pit-proi)S are immersed 
for about 21 hours in solutions of 1.^ lbs. per gallon (150 gr. 
to 1 liter) of sulphate of iron, or in w'ood-tar heated to a tem- 
perature of 278 ’ F. (140'’ C.), in order to render them more 
durable. It is found that if the immersion is continued for 
a longer period, the wood becomes brittle, and that chloride ‘ 
of zinc, blue vitriol or creosote poisons the wuod and renders 
it dangerous to the miners. — Tr.] 

Another plan is to place telegraph-posts in a glazed, burned 
clay tube filled with sand and tar ; or cement and tar are 
poured round the base of the wood in the ground. 

W. Powell, of (), Bfcanley Place, Liver})ot)l, noticed that 
dry rot never occurs in the wood used in sugar-reiinories, 
and in 1908 invented a process in which timber is saturated 
with a solution of sugar, and then the moisture evaporated 
rapidly by stoving at a high temperature. The ))roces8 requires 
2 or 8 days only. Powell finds that tliis processed timber 
cannot be infected with dry rot. He experimented with 
paving blocks, 3 inches by 5 inches by 9 inches, of red pine, 
poplar, beech and red-gum, and found that they gained 
respectively 1 lb., 5 lbs., 4 lbs. and i lb., their original 
weights being 4 lbs. 12 ozs., 4 lbs. 11 ozs., 7 lbs. 7 ozs., and 
8 lbs. 18 ozs. 

As regards absorption of water, beech in a natural 
state absorbs 1 pint of water per block, but processed beech 


* “Teehnologie Forestiere,*' p. 97, 
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only J pint and less than half the amount of water 
absorbed by red-gum. As street paviiig-blocbs a))sorb 
much ammonia and emit'’ an oflensive odour this process is 
a sanitary one, as well as affording superior durability from 
hardening. 

3 . Suitahiliii/ of dijfereiit Wood for lojcctloo. 

The species of woods are su8ce])tible of imprt^gnation in the 
following order : — 

j ThoiMUj^lily. J’aitiallv. Shglitly, nr iml iil nil 

llt‘ar(\vi»i»(l of Oak. 
kaioh. 

Malut^'anv. 

Teak 
Khuny. 

lU'il hrt'<')i-wiK.<l. 


The (juestion as to the comparative ease or difiicully with 
which a piece of wood can be injected and whether tlui injec- 
tion is iljorough, or merely superncial, cannot as yet be 
answered satisfactorily. As a rule, a thorough injection is 
rare: in most cases the antiseptic li(|uid injects merely the 
sapwood and younger woody zones ; in the case of railway- 
sleepers which are injected pneumatically, it also passes into 
the two ends of the sleepers, whilst the heartwood in the centre 
is often only partially injected. There are, however, many 
moditications in the above condition of injected wood, accord- 
ing to the species of wood, its soundness or unsounduess, 
special anatomical structure and amount of contained resin, 
which differs greatly in individual cases. 

The more resinous a wood the less easily it is injected, and 
much resin in the wood may prevent injection entirely, as for 
instance in pinewood ; it has not been ascertained whether 
the different injecting processes affect matters in this respect. 

Beechwood with reddish false heartwood (from trees over 1(X) 
years old) is quite unsuitable for injection. It is not known yet 
.whether variations in the specific gravity of the same wood 


Bircli. ' A'^pcii. 

IIonilK-an. I 

UiToh. ' , Asli. 

ami sa]»w(Kul of all | Kim. 

sjic'ci(',s. I.inic. 


.SilviT-fir. 

Scot.s pnic, 
Wcymoiitli jniio. 
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affect matters in this respect ; this question should be decided 
experimentally. 

4. liemltfi of Injection, 

As repjards the results of injecting railway-sleepers, it is 
evident that the locality, nature of the soil and wear-and-tear 
on a railway must be considered in judging their durability. 
The method of injection, the anatomical structure of the wood 
and whether the injected wood is used immediately after 
injection or is first kept some time in store, also affect its 
durability. 

As regards the methods of injection, the following are th|^, 
results given by experience on German Railways : — 


Natun' ()1 uiitisopiic 
BuhsUiici', 

i I 

1 of 

j mjcctinf,'. 

1 


Life of Hlof]* 

... 

it Hi years. 



Oak. 

" 

Soots pine. 

Jkecfi. 

Spruoe. 

Ohloi i<lo of zinc 

. ! Stoam*}>i essurc 

ID— 2.') 

22-8 

i;i— 1:> 



1 Imniorsioii 

— 1 

1 

— 

fi-i; 


.. 1 Sloam-pi’cssure 


- 

18 

... 

Sulpluilo of coppor . 

.. 1 Ilydrostiilic 

1 ])r(*ssur{i 

1 

k; 




j Immersiinu 


14 

— 

•IT) 


Other investigations give the following data for the duration 
railway-sleepers : — 


Species. 

Years 

IVr cViit. of 
sleepers useless. 

Beech, not injected 

. 5 

100 

„ with zinc chloride 

. 11 

50 

,, creosote 

. 17 

50 

Oak, not injected . 

. l;i 

50 

„ zinc chloride . 

. 18 

28 

„ creosote 

. 18 

20 

Scots pine, not injected . 

. 12 

100 

„ „ zinc chloride 

. 12 

23 

„ „ creosote 

. 12 

14 

In Elsass-Loth nngen , 


Oak, not injected 

21 

52 

„ creosote . . . . 

21 

26*8 

3eech, creosote . . . < 

21 

6*4 
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The greater durability of beech ia due to the fact, that it 
abaorbs more creosote than oak, but its iujeciion is necessarily 
more cosily. 

Thus with crcoKoie : — 

I'list, 

.V. ( 1 . 

All oak sleeper absorbs . ‘22 lbs. ^ 1 8 

A Scots-pine sleeper „ . 7U „ 2 1 

A beech sleeper „ • 70 „ 2 4 

So that including the cost of the wood, oak sleepers cost 4s. 
8d. and beech sleepers 4s. 5./. each. 

Injection with copper sulphate increascB three-fokl the 
durability of spruce and silver-fir. 

The Nodon-Bretonneau method of seasoning wood by 
eleelrieity was tried in London several years a(;o, but did not 
give satisfaetury financial results. The system consists in 
placing the timber to be seasoned in a large tank and immers- 
ing all but an inch or two in a solution containing ten iier cent, 
ol borax, five of resin, and three-(iimrtor percent, of carbonate 
of soda. The lead plate upon which it rests is connected with 
the positive pole of a dynamo, the negative pole being attached 
to a similar plate, arranged on its upper aurhuie so as to give 
good electrical contact, and the circuit is completed through 
the wood. It is stated that under tlus influence of tlic current 
the sap appears to rise to the surface of the bath, while the 
aseptic borax and resin solution takes its place in the pores ot 
the wood. This part of the procissreipiires from five to eight 
hours for its completion, and then the wood is removed and 
dried either by artificial or natural means. In the latter case 
about a fortnigdit’s exposure in summer weather will complek 
the ])roceHs. 


Section III. 

Altering the Combustibility of Wood, etc. 

The combustibility of wood is increased always by drying 
Absolutely dry wood has the greatest heating-value. 
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When coniferous wood is dried slowly, the percentage of|; 
heat-giving rosin increases at the expense of the volatile 
turpentine. As regards the relative increase in heating-power 
by the carbonization of wood, see the next chai)ter. 

In order to reduce the combustibility of wood and produce 
so-called uninflammable wood, the following substances may be 
smeared on it,^or injc^cted. Lime-water, clay in a saturated 
potash solution painted on the wood in several coats. Alum, 
soluble-gbiss, live to six coatings. Wolframate of soda is 
effective, but costly. Hot solutions of green vitriol and iron. 
Kyanisod wood also is said to be uninflammable. The best 
methods are, however, commercial secrets. 

[Wood j)r()cessed by the Non-inflammable Wood Syndicate, 
2, Army and Navy Mansions, Victoria Street, London, was tried 
recently on the site of the old Mill bank Prison and two con- 
structions erected of injected and uninjticted wood ; all efforts 
to ))uru the former failed. The su])stance used is colourless 
and harudess, it does not rot, does not affect the strength of 
the wood, hut adds slightly to its sp. weight. It is difficult to 
distinguish the wood which has been injected, which is to a 
large extent protected from being worm-eaten and frorn dry 
rot. The action of tools on the wood is not rendered 
more difficult. The wood is used extensively in America and 
Japan; also for the British Navy and South Kensington 
Museum, — Tr.] 

Artificial wood. Soft and plastic substances resembling 
wood are in demand to lill in defective places in valuable wooden 
articles. The less valuable articles are filled in with putty. 
Instead of putty the following substances are used : glue, saw- 
dust and chalk, lime and flour, lime-water and soluble glass. 
Softened cellulose mixed with starch or flour can be made 
into tabular shape, and in time becomes as hard as a bone. 
It may be pressed into shape between heated and embossing- 
presses. If a thin sheet of veneer is placed between the 
artificial wood and the press, the pressed article appears to be 
carved out of valuable wood. Caustic soda or rosin may be 
mixed with the preparation to increase its durability. 

Wood-wool under powerful compression yields a homo^ 
geneous, rigid mass. Artificial kindling fuel is made of wood 
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shavings and resin, or coal-tar. Artificial wood is made of 
peat mixed with lime and sulphate of alumina in solution. 

C CHANGES IN THE SUBSTANCE OF THE WOOD 

■ IN OBDER TO OBTAIN ITS CONSTITUENTS. 

Section L— By Heat. 

The first chapter on the properties of wood explains the 
action of heat on wood. Where wood is 
admitted froely, light, heat and gases (COa and l.,()l aio 
produced ; combustion is maintauiod by the hydrocarbon 
cases, light hv the glowing of the charcoal, and ashes form 
the residue. H the wood is hunicd without tree admission of 
oxv-en, it is said to he roasted with dry distillation, under 
which are preserved gases and carhoii, with niinicroiis other 
products of incomiilete combustion, all empyreumatic sub- 

stances of great economic value. 

Although proporly an account of these substances does no 
come under the direct activity of a forester, yet he should 
possess a peiierat lniowled«e of the. products of distilla urn of 
wood, as well as of all matters which liear on the. sale and 
value of wood, the chief imiducl of his calling. 

1. Difiiillation of Wood* 

The apparatus for distilling wood varies with the products 

to he obtaiued from it. If gas and volatile ^ 

required, the wood should he roasted m vessels with open 

tuhiim from which those products can escape, m order to lie 

” . £ ■ I throimh it puiiliotl. 

received in a refrigerator, pi to pass iniou„ i 

Such apparatus consists of boilers, retorts and stoves. If 

■ Ly liquids and solids are the chief desiderata, the wood ,s 

usually piled in large covered heaps, charcoal-kilns or pits. 

When wood is distilled in retorts or vessels, according to 

Violette, the decomposition of the wood begins a a 

ture of 160° C. ; the condensed vapours yield a ye lo'"; 

Zl, biller ilqbia. A. lb. .«gbl • to » 

■ M% of the weight of the original wood; products that 

1. ; • J. iiersch " Die Verweviung de» Hokes au£ chem. Wege, iud ed. 1S93. 



obtained between i&oy and 280° are the most valuable, an 
are chiefly sebacic acids, such as formic, acetic, propionh 
valerianic, caproic acids, then methyl-alcohol, carbonic aoi 
and carbon monoxide. Between 280° and ;JG0° chiefly carbo 
hydrates are formed; they take up much space, as ] cub 
meter of wood yields 80 to 90 volumes of gas. The producti 
of heating over 360° are dense carbohydrates (tars), such ai 
benzol, toluol (mettiyl-beiizene), carbolic acid, paraffin, an< 
the gases acetyl, ethyls, marsh-gas aiid hydrogen. By heatinj 
over 430 , there is a small volume of the above-namec 
mbstanees, whilst charcoal remains as a solid residua 
product. 

In every case, when quite pure, hydrated acetic acid is f 
oolourless liquid, combustible, very caustic and with a stronglj 
icid odour; at 4° (J. ao(4ic acid licconies solid, but lignifies 
It 16° ; after absorbing water it loses its ])ower of crystallisa- 
.ion; hydrated acetic acid is soluble in water,’ alcohol and 
ither. Wood yields 2 to (K of its weight in pure acetic acicl 
vhich is used extensively for making vinegar. In wood- 
dnegar I, here is always some acetone, a combustible liquid 
n whicb oils, resin and gun-cottou are V(sry soluble; it is 
low used in the manufacture of smokeless powder. 

Pure methyl-alcohol or pyroligneous spirit is a colourless 
iquid, in which resin and ethereal oils are very soluble, so 
hat it is highly important in preparing lacquers and varnishes; 
.fter further distillation pure methyl-alcohol is used for making 
ar dyes. 

The gas distilled from wood, 80 cubic meters from a stacked 
ubic meter, owing to admixtures of CO2 and CO, requires 
lurifying by means of lime. [In France charcoal is placed 
t the base of the retoi't in which the wood is distilled, and 
he gas passes through the charcoal into a reservoir. This 
1 said to purify it sufficiently.- Tr.] According to Pettenkofer 
ae volumes of illuminating wood-gas produced by distilling 
00 kilos (220 lbs,) of wood are : — 


i^ubic meters;. Cubic feet. 

Willow .... 38 1,330 

Silver-fir . . . .33 i_260 
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Birch 
Oak . 
Beech 
Spruce 
Larch 


Cubic meters. Cubic feet. 

. B5 1,225 

. B4 1,190 

. 88 1,155 

. 88 1,155 

. 82 1,120 


Wood therefore yields 2.J times as much gas as dotss coal, 
and the lighting power of w'ood-gas is to that of coal as 
118 : 100. 

Broillard states (Rev. des E. et E. 1900) that Littho, by 
passing out the wood-gas through glowing charcoal, has 
succeeded in obtaining from 850 to 100 cubic inetcis of gas 
from 100 kilos of wood. Any wood, coppice-shoots, etc., will 
do, and tlie apparatus is so simple that it can \w s(‘t up in 
any village or farm where there is plenty of refuse wood. 

Neutral (non-acid) tars are used for making dyes, for which 
hitherto chieliy coal-tar has been used. Acid tars (creosote 
and carbolic acid) are powerful antiseptics. At ordinary 
iem})eratnr(^s solid naphthaline is a constituent and is a 
certain reined}’ against the clothcs-moth, also paraffin, but 
the lathu’ is obtained usually from raw petrohnnn. 

Charcoal is a residual product from distillation in stoves 
and retorts, but is the chief product in the woods from char- 
coal-kilns and pits, whilst the gaseous and liquid pioducts 
are then either neglected or only of secondary importance. 
In the following pages the process of charcoal-making will be 
described shortly. 


Section II. — Charcoal-Kilns.^ 

A charcoal-kiln is a heap of firewood of a regular shape, 
and with a covering as effective as possible for keeping the 
fire inside the kiln and excluding atmospheric air. 

The shape is generally that of a paraboloid and only in 
certain cases that of a horizontal prism. Wood may be piled 
in kilns either vertically or horizontally, and as these methods 
of piling the wood, as well as the external form of the kiln, 

* The iKst work on charcoabkilns is v, Rerg's “ AuJeitung zurn vcrkohlcn des 
3rded„ 1880. 
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?ive rise to considerable differences in the process of char- ' 
C5oal-making, vertical and horizontal kilns will be described 
separately. 

In vertical kilns, the wood is piled nearly vertically around 
stakes in the middle of the kiln, so that the latter assumes 
the shape of a paraboloid. Horizontal kilns are distinguished 
from the former kind by theii* prismatic shape and by the 
fact that the charcoal is removed from them gradually as the 
wood becomes carbonised. 

Althougii the comparison between these methods will follow 
at the end of the chapter, here it may ))e mentioned that the 
vertical arrangement of the wood is that followed usually, as 
exi^erience shows that it gives the best results. A further 
distinction depends on whether the kilns are made in the 
forest and conseciuently in different places every year as the 
felling-areas change, near iron-furnaces and other works using 
charcoal, or in large kilns away from the forests. 

It is evident that in tlie last case greater care can be taken 
and better results will follow than w'hen kilns are buined in 
the forest, fre(iuently under very unfavourable conditions. In 
spite of this disadvantage, however, forest charcoal-kilns are 
more economical, as will be seen hereafter. 

1. Paraboloidal CJoinrnd -kilns. 

There are two methods of making charcoal that do not 
differ much from one another — tlioy are the common method 
and the Alpine or Italian method. The former is practised all 
over Central and Western Europe, except ])arts of Styria, the 
Tyrol, Lower Austria and Low^er Bavaria. 


(a) The Common Method of Charcoal-making. 

i. 'Ksvd for (dutrcoahmakhif}. 

Charcoal-making is a much more important industry in 
mountain-districts stocked wdth coniferous forest than in 
broadleaved woods. Whilst in the latter — only the less 
valuable fire- wood, round billets from early thinnings and 
stump-wood are carbonised — ^in coniferous forests, frequentl} 
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the best class of firewood and even timber may be used for, 
this purpose, according to the demands of neighbouring works 
for charcoal. 

Any species of wood may bo carbonised, but the method 
employed varies with its density and greater or less coinlmsti- 
bility. If two kinds of wood are placed in the same kiln one of 
which must remain some time burning in the kiln until the 
otlior is carbonised, the former might be burned to ashes 
before llie latter can be removed. It is therefore j\dvisablo 
to pile only one species of wood at a time in a kiln ; if difierent 
species must for any reason be burned in the same kiln the 
j)recaution should be taken to restrict these to hardwoods or 
softwoods only, or to split the harder w’oods and place them 
in the centre of the kiln, where the heat is greatest, ft is, 
however, always better to sei)arate the woods, as cdiarcoal made 
from difierent species is used for difierent pui’poses. 

As regards the comparative soundness and dryness of wood 
for charcoal-making, it is customary to use only sound air-dried 
wood, and not dead wood. Rotten wood is useless for the purpose, 
and must he excluded carefully. Carbonising broken billets is 
a difficult process, as the pieces continue to glow for a long time 
and may set lire to the kiln during the removal of the charcoal. 

All wood for carbonisation should l)e spread out in dry parts 
of the felling-area or of landing depots until it is air-dry, in 
order that iiiere may he the least possible waste of lieat in 
driving ofi moisture from the wood. Only in very liot summers, 
or when the wood is highly resinous, is it advisable to use some- 
what green wood so that the process may not he too rapid, or 
else the workmen may not be able to keep the combustion of 
the wood well in hand. 

f The shape and dimensions of the billets have considerable 
influence on the process of carbonisation. Although all parts 
of a kiln do not burn at the same rate, yet it is advisable to 
have the billets as uniform in shape as possible. Asa rule, 
therefore, only one assortment of wood is used in a kiln ; only 
in cases of necessity, in very large kilns or in carbonising . 
stump-wood, should deviations from this rule be allowed.^. 
One of the chief points of difference between the common ' 
and Alpine methods of carbonisation is that, in the former j 
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inerally the "wood is split and used in small pieces, large 3 
iecefl of wood being used in the latter. 

The length of the billets may be either that usual for fire- 
rood, or a special length may be given to charcoal-billets (rarely 
xceeding (> feet). The shorter the pieces the easier it is to give 
he kiln its requisite shape, and the less the cost of its con- 
traction. Excepting small round billets under 2| inches (7 cm.) 
hick, the wood should all be split; stump-wood also should, as 
ar as possible, be split into small pieces. This is especially 
lOCORsary for hroadleaved woods, which burn slowly. In order 
hat the wood may bo packed closely, all snags and uneven- 
lesses should be trimmed off, and fairly smooth, straight pieces 
let aside on the felling-area for charcoal-making. Crooked 
ind bent branchwood is used only in short pieces. In piling 
die kiln, besides the round and split billets, short little pieces 
)f wood are used to fill interstices between the billets. 


ii. Shape ami Size of Alins, 


The usual shape of a kiln is that of a paraboloid, the volume 
where d is the diameter and h the 


, ^ • X • Tt Ji 

of which IS X - , 
4 2 


height of the kiln ; or, as it is easier to measure the girth than 

the diameter of completed kilns, X j X ■^- = 

As, however, the shape of a kiln is usually not quite a para- 
boloid, but somewhat steeper and more pointed, 4 to 6 per cent, 
may be deducted. Some useful tables* have been prepared 
for the cubic contents of kilns. It is easy to calculate the 
volume of a kiln whenever wood already stacked is used. 

Kilns vary greatly in size in different districts ; sometimes,^ 
as in the Spessart, Thuringia, etc., they contain only 400 to 700 
stacked cubic feet (12 to 20 st. cub. meters), whilst in the 
Harz they may be five times, as large, and ten times as 
large in the Alps. In the common method a kiln of 1,0CK) 
to 1,400 st. cub. feet gives the best outturn and is easiest to 
manage. 

/ * Bbhmerlc, *‘Tiifeln zar Bcrechnung der Kubicinhaltc steUeuder Kohlea-, 
Berlin, Baul I’arey, 1877. 
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iii. Site for a Kihi. 

The site for a kiln should be level, sheltered from winds, 
with water at hand, and either on the felting-area or close to 
it Where several hnndred stacks of firewood are to he car- 
braised there should he room tor several kilns close together 
to save the cost of transport. The nature of the ground helow 
the kiln has consideralde influence on its rate of hurning , if 
the soil is loose and porous it admits air to the interior of the 
kiln which will hum rapidly and yield heating charcoal ; if 
the ’soil is heavy, the kiln will hum slowly and yield cold 
charcoal. A sandy loam is most suilahle, as it allows a 
moderate inlet of air, being at the same time porous enoiig i 
to ahsorh the moisture, which descends from a hurning kiln. 
The soil should he of uniform nature under a kiln, in order 
that the inlet of air and the rate of carhonisation may ho 

uniform ibvoiigliout. ’ 

A new isile for a kiln is prepared as follows : the ground is 
freed from all sticks, roots and stones ; the grass-sods are 
■then dug up and the soil prepared as smoothly as for a 
■ garden-bed. The soil must he freed carefully from all stones 
likely to heat any part of the kiln excessively. The site 
is levelled, a stake driven in at its centre and a circular 
hue traccl as the boundary of the kiln. The centre is 
raised 8 to 12 inches (20 to 30 cm.), the higher the 
stiffer the soil and harder the wood, the site being made to 
slope off from the centre in all directions towards the external 
circular line. This arrangement is intended to increase the 
inward draught of air and allow the liquids from the burning 
pkiln to drain away, also that the piled billets may stand on 
an edge and not on their section. The site is trampled 
down firmly and remains lying unused for some time, gene- 
srally during winter, in order to settle and allow for any 
improvement that may be required. Before piling the 
kiln, a heap of dry firewood should be burned on the site to 

I However carefully a new site may have been prepared, it 
& always inferior to one used repeatedly for Wins. The loss 
^wood in using a new site may amount to from 10 to 17 or 
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even i25 % (according to v. Berg). The reason for tins is 
charcoal dust mixed with earth gives the proper degree of ' 
porosity to the soil that is most advantageous for charcoal- 
making. The charcoal-burners, therefore, always prefer old 
sites for kilns, and changing a site is always disadvantageous. 

Although as far as possible siiilable sites are chosen for 
kilns, yet in mountainous forests it is often necessary to make 
one on a slope, in a narrow gorge or other unfavourable place. 
Then an excavation is made in the hill -side and an embank- 
ment formed downhill so as to secure a horizontal site. is 
then better to support the lower side of the site by wattle- 
work, or logs may be piled on one another and covered with 
earth to form the lower side of the site. Kilns made on sites 
like these always have a draught in one particular direction, 
which the burners must try to counteract by various devices 
whilst the kiln is bui’iiing. There must be round the kiln a 
clear space sufliciently large for the burners to work in and 
affording room for the charcoal-burners to stack the wood, also 
for a hut and so on. 

iv. Erect io/i of (he Kiln. 

At the centre of the kiln is a flue, which is constructed of 
three or four stakes driven into the ground about one foot 
apart. 'Jliey are bound round with withes, forming a hollow , 
shaft, which is filled with very dry, combustible flrew^ood. The 
way in which the latter is inserted depends on whether the 
kiln is to bo kindled from above or below. In the latter case 
a dry board is placed under the flue to keep back the soil- ‘ 
moisture ; highly combustible fuel, such as pieces of resinous 
wood, shavings, birch-bark, etc., are then placed upon the . 
board, the u])per part of the ilue being filled somewdiat loosely 
with broken branches, half-burned bits of w’ood, shavings, etc. 
When the kiln is kindled from above, the flue is filled in the ‘ 
reverse manner. : 

The flue once filled, finely split pieces of dry wood and 
partly carbonised billets are placed around it, the spaces , 
between them being filled with wood-shavings, and then the;; 
regular kiln is constructed. This is done by piling two tiers. ! 
of billets, the . burner placing dry pieces of wood as closely as 
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possible round the shaft, with their split sides inwards, followed 
by larger pieces, so that at a distance of about half the radius 
of the kiln the thickest pieces, which burn most slowly, are 
placed, and smaller billets outside these, as shown in 
Fig. 311. After some progress has heen made in the lower 



Fij,'. HIT. -'Sod ion of djinctial-lolii. 


tier of billets, the upper tier is coiuiueuced and the tvvc 
tiers continued to{::;e-tber till the kiln lias attained its full 
circumferenci'. 

If the kiln is to bo kindled from below, a kindling-passag( 



Fit,'. 312.— Vertical kiln with siii>|torts. 

is left comimaiicatiiig with the flue ; this is effected by placing 
on the ground from the opening in the flue to the edge of the 
kiln a thick log, which is gradually drawn away during the 
piling of the lower tier, leaving a hollow passage. The billets 
placed above this log should be somewhat shorWr than the 
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•est, so as to secure a levei suriace lo the lower tiet. This 
massage should be exposed always to windward, but is not 
•equired if the kiln is kindled from above. 

When the two tiers of billets are piled the top of the kiln 
is filled in, as shown in Fig. Bll. For this, the wood, which 
should bo composed of small dry pieces, is laid very obliquely 
or horizontally. When the kiln is kindled from below, its 
whole to}), including the fine, is thus covered; but when the 
kindling is elTectod from above, the Hue runs through the top 
of the kiln. 

Although the burners endeavour in piling the billets to 
place them as vertically as ])osBible, as they are piled with, 
their thick ends downwards they become gradually inclined 
outwards, so that eventually the outside of the kiln acquires 
a slope of 1)0 degrees or 70 degrees. This sloi)e is necessary 
to sup])ort the covering of the kiln, being greater or less 
according to the state of the weather: during summer, in 
dry weather, it cannot be so great as in damp weather, 
whenever the covering does not dry ve.ry rapidly, a steeper 
slope is permissible. 

The charging of the kiln is completed by carefully stop])ing 
all openings and crevices with small split pieces of wood, in 
order to prevent too great a draught and save the covering 
from collapsing. 


r. Supfioriinif and ('om'hnj Hip Kihi. 

The next ste]) is to apply the covering, which should be as 
air-tight and fire-proof as possible. Tw’o coverings are applied, 
termed the inner and outer coverings ; in order that they 
may not collapse they arc supjiorted by pieces of wood, termed 
the upper and lower supports. Every kiln re(]uires at least 
the latter, which are formed of stout, short, forked pieces of 
wood driven into the ground all round the edge of the kiln ; 
they may be replaced by a row of stones as big ag one’s head, 
on which split billets are placed contiguously in a circle a few 
inches from the ground for the covering to rest oii and to 
admit air to the kiln. In some districts iron supports are 
used, shap'ed like cii’cular segments with a prop at one end of 
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lach piece ; these are placed all round the kiln and are very 
durable. 

The upper supports form a similar circle higher up the kiln, 
resting on vertical billets or forked pieces of wood; they are 
placed in position after the kiln is covered. Tn some districts 
a third circle of supports is added, but that is not usual. 

Tlie material used for the inner covering of the kiln con- 
sists of sods, leaves, moss, spruce or silver-tir brancln^s, ferns, 
rushes, broom, heather, etc. Thin sods placed like tiles over- 
lapping one another form the densest covering, and loaves or 
silver-tir branches also aflord a dense coveiing. I he coveimg 
is applied first to the top of tlie kiln, and should be thick 
enough to pr('vent the earth of the outer covering fiom 
penetrating through it. 

The outer covering consists of a wet mixture of loamy 
forest soil and charcoal-dust, the remains of former kilns, for 
which fresh humus may be substituted. These substances 
should be mixed thoroughly with a hoe, freed from all stones, 
and water added to form a stiff paste, which must have sufli- 
cient consistency to serve as a dense coating to the kiln without 
becoming quite crusted by the heat, remaining soft enough 
daring tlie burning to yield without cracking to the gradual 
sinking of the kiln, and to allow the steam to escape. 

This paste is applied first at the foot of the kiln, then 
the upper row of supports are placed over it and the paste 
continued up to the top of the kiln, being applied more thickly 
there than below. The total thickness of the covering is 
0*7 m.at the base and O’S m. at the top, somewhat less round 
the flue. 

After the kiln is covered, a wind-break is placed around it 
at a sufficient distance to allow room for the men to manage 
the kiln ; it is made usually of coniferous branches at least 
as high as the kiln and fastened to stakes driven into the 
ground ; this may be dispensed with in tliorouglily sheltered 
places. 

vi. Kindling and Ihtrning the Ktln, 

•If the kiln is kindled from below, one of the burners applies 

torch made of resinous wood-splinters through the kindling- 
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passage to the kindling material at the bottom of the flue, 
that is thus fired. When kindled from above a little fire is 
lighted at the top of the flue. The kiln is fired always on a 
still morning before daybreak, whilst its base is open under 
the lower supports. If the fire has caught properly, first 
the flue and its contents are burned thoroughly, then the 
immediately adjoining wood, the lire rising to the top of the 
kiln. As soon as the donui becomes very hot, steam mingled 
with thick flocky smoke issues from it. At ibis i)eriod there 
is always more or less danger of bursting owing to the formation 
inside the kiln of im explosive mixture of air and combustible 
gases, or a sudden development ol steam. Wei’e such a mis- 
fortune to hap[)en, the covering ^vould be blown oil and the 



arrangement of the wood disturbed. Too loose a soil under 
the kiln or too rapid burning may thus im]K‘ril matters, the 
risk of bursting being greater with dry than with slightly 
green w'ood. 

After a few hours, the smoke acquires a pungent odour, a 
sign that the wood is being decomposed and that carbonisa- 
tion is in progress. Charcoal is formed first in the dome ol 
the kiln, procijeding dowinvards in a wedge (Fig. Blfl), and 
the latter sinks dowm, carrying with it the covering, which 
should adhere more or less firmly to it. If the carbonisation 
proceeds properly, a flame should issue from the top of the 
chimney in the form of a symmetrical cone, wddening-oul 
more and more till flames protrude from the base of the 
kiln. 
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vii. Moih of Condue.fimj iho Bunihuf, 

The normal process of carbonisation just described cannot 
be secured always uninterruptedly. The draught is sorae- 
iiincs greater in one particular direction and the hiln itself 
is seldom uniformly built or covered : it may therefore settle 
down unsymmetrically or burn too quickly or too slowly. 
Charcoal-burners should know how to secure the kiln against 
tlu^se mishaps, and keep it burning in as normal a manner as 
possible. 

This is efleeted by the following procedure The iire should 
be led gradually from the top of the kiln to its base, so that 
the kiln may settle down symmetrically and without burning 
th(‘. charcoal. The space hdt open at the base of the kiln, 
that is subse(iuenily closed, may be re-o])ened if more 
draught is rc(iuired, and hoh'S made in the upper part of the 
covering through which flames protrude, in ord(U’ to legulate 
the burning. On the S(‘Cond or third day after kindling, the 
first lioles are made throngh both coverings down to the wood 
on th(i leeward side of the kiln. 1’hes(5 are usually in two 
rows, somewhat below the ilame at the tofj of the kiln. At 
lirsi the sjiiolo! issuing from these holes contains steam, hut 
the nearer the combustion approaches the liob^s, the clearer, 
more pungtatt and pyroligneous it becomes ; when it finally 
turns blue, it denotes that the charcoal is burning. Before 
the smoke turns blue, therefore, the upper holes must bo closed 
with paste by means of a Hat shovel, and a fresh row opened 
helow’ the lower row. If burning proccaals too raftidly on any 
side of the kiln, all vent-holes must he stopjted, the covering 
thickened and w^ater applied if necessary. 

By means of these simple arrangements, which require the 
burners’ close attention, the wood in the kiln is carbonised 
gradually. When the carbonisation is nearly over, the lire is 
at the base of the kiln ; holes are then ofxnied there through 
which at length flames protrude, showing that the hurning is 
completed. The burners must be now on the watch to 
extinguish the fire at the right moment, and by applying 
fresh paste or watering the kiln prevent any cracking or 
bursting' of tlie covering. 



f. During the kindling process, the shaft ot une nue,; 
especially in its upper part, burns completely and leaves a 
hollow space in the kiln. Hollows also may form in other parts 
of the kiln owing to a defective site, to bad piling, kindling or 
control of the burning, or to the wood being too damp. If these 
hollows were not filled, they would cause a draught; and attract 
the fire, the normal course of the burning would be hindered 
and the yield of charcoal reduced. Owing to the continual 
increase in size of tliese hollows, the covering might at length 
fall in and the kiln burst into flames. All hollows must there- 
fore be filled promptly witli short ])ieceB of wood or large pieces 
of charcoal. 

The following method of filling hollows is adopted: — When- 
ever the burners have noticed that owing to a marked collapse 
of the covering a hollow has been formed, and have placed the 
wood or charcoal required to fill it alongside the kiln, they 
should test the extent of the hollow by tapping the covering 
with a mallet. They then remove the covering over the hollow, 
press down the contents with a piece? of wood and fill the hollow, 
covering it again rapidly with branches and paste, and beat 
the covering into a firm condition. All vent-holes should be 
sto[)pe(l at least one hour before filling a hollow and for a 
whole day afterwards burning should be conducted without 
any holes in the kiln. The hollow made by the combustion of 
the chimney is filled on the first evening of the burning and 
often must be filled again on the second, third, fourth and 
even on the fifth evening. Often the top-filling is required 
i several times on the same day ; in large kilns, as many as 
I' 15 to 20 top- and sidc-fillings may be required during the 
burning and several more whilst the kiln is cooling. 

It is evident that filling hollows in a kiln must waste charcoal, 

; as by opening the covering a draught is caused and the fire 
! unduly stimulated ^ cliarcoal is thus burned owing to the flames 
’ breaking out, and in pressing down the contents of the 
kiln some of the charcoal is broken into small pieces. 

’ Filling cannot, however, be dispensed with ; every endeavour 
should therefore be made to prevent the sides of the kiln from , 
J collapsing, and to reduce a number of indispensable fillings to 
if a, minimum. • . ; 
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viii. Wakh'm} and Coolinif down the Kiln. • 

Every evening during the burning of the kiln the burners 
jhould adopt proper measures to secure regularity in the 
nirning. Places where the charcoal is already burnt 
should be beaten down with a mallet, any llllings which 
may be rec^uired should bo effecied, cracks which may have 
opened in the covering should bo carefully closed and all holes 
closed if the weather is stormy. Proipient inspection of the 
kiln at night is necessary. 

Towards the completion of the carbonisation, when the kiln 
has sunk considerably and the upper covering is very dry and 
cracked, it should be well beaten down and covered with damp 
earth, or watered, so as to exclude the air more and more-. As 
soon as the lower covering burns and ilamos appear at the 
foot of the kiln, it is clear that the carbonisation is completed ; 
all vent-holes must then be stopped and the whole surface of 
the kiln covered with damp earth. The kiln is then left alone 
for about ‘2-1 hours, 'rhen in order to hasten the cooling, the 
burners remove the covering in strips and ai>ply fresh earth to 
the glowing charcoal so as to till up all ci*evices. This 
extinguishes the lire rapidly, an important point wluui the 
weather is dry ; about 24 hours, us a rule, after this has been 
done, the charcoal may be removed. 

ix. Uftmovnl of Hh’ (' haf’coal. 

In ordei- that the charcoal may he of good quality, it should 
not remain longer than is necessary in the glow of the 
kiln. At the same time it must he removed gradually, so as 
not to set the kiln in a blaze. A comraenceuieiit is ujado in 
the evening and tlie work contiimed all night, when any lire 
may he seen more readily ; each night only a certain quantity 
'of the charcoal is removed, according to the size of the kiln. 

The method adopted is as follows:— The hnrner, with a long- 
toothed iron fork, opens the kiln on the leeward side and 
ij:emoves as much charcoal as he can without setting the kiln in 
■flames. The charcoal is laid on one side and usually watered, 
Whilst the hole is filled with earth. Then the kiln is opened 
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at anotncr place ana so on an round, until there is nounu 
left but its centre, consisting of small pieces of charcoal, earfc| 
and ashes, which eventually are ralcod out and allowed to coob^ 
Once the charcoal has been removed, it is sorted according ! 
to size, the small pieces being sifted from the ashes. What is 
left is mixed with the ashes, etc., and serves for covering the 
next kiln. The partly carhonised pieces may be kept for 
filling or kindling other kilns, or carbonised in small kilns 
made specially for the purpose. 


(h) Alpine* Method of Charcoal-making. 

The metliod of charcoal-making employed in many parts of 
the German Ali)s differs in some respects from the ordinary 
method. The Ali)inG kilns are usually in fixed places near 
river-booms, in iiuiber-depots or at the base of an extensive 
mountainous tract. The wood thus carbonised is almost 
exclusively coniferous (chiefly sprucewood and less frequently 
that of larch and silver-fir) and generjilly in round pieces 
2 meters feet) long. The site for the kiln is prepared as in 
the ordinary method, except that it is (juitc flat, a wooden base 
being supplied to the kiln. 

The base is formed, as shown in Fig. 314, by placing split 
billets radially from the flue outwards, on them other pieces 
are placed sufficiently close together so that all the wood to be 
carbonised can rest on them, but sufficient intervals are left 
for a draught of air. 

The flue is formed by three stout poles often kept in position 
by iron rings and is filled, as before, with kindling material. 
Piling the wood, on account of the size and weight of the pieces, 
is a heavy piece of work. The kiln is formed of two tiers, and a 
dome with two thin layers of wood, and is from 5 to 6 meters 
(16 to 11) feet) high. The wood should be piled as closely as 
possible, all the larger interstices being filled with split wood. 
The kilns are usually larger than ordinary ones, but excessively 
large ones containing 1,500 to 2,000 cubic meters (50,000 to 
70,000 cubic feet) are made no longer. 

^ [Also termed the Italian method, but Gayer states that usually Italiaipi 
follow the ordinary method with kindling from above.— I^r,] ^ 
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Ab the heavy pieces of wood can be piled only with 
difficulty on the base of the kiln, a kind of a wooden 
tramway or sledge-road is constructed, on wliich the pieces 
can be brought to the kiln in trucks or sledges. As a rule 
the kindling is effected from above, and for this purpose a 
central cavity is arranged at the top of the kiln in which the. 
flue terminates. When all the large pieces of wood are piled, 
the interstices are tilled in carefully with small pieces of 
split wood. 

Alpine kilns usually are covered more thickly than common 



Fig. ai*l.~Al])iric kiln, n rcprcsonls a Ki»aoe left when kindling is 4 
applit’d from below, as in S. Bavaria. 

kilns. Ordinary material, if found close at hand, is used for, 
the first covering ; usually, however, only a single covering 
of mixed clay and humus is used, which must be spread very 
carefully over the wood. Special kinds of props also are used 
to support the sides of the kiln, which are at gradients of 
60 degrees or 70 degrees. These props are formed either as in j 
Fig. 315, of planks (m) placed edgeways round the kiln, having 
niches cut into them at half their length, on which horizontal 
planks («) rest to support the covering {dd), or stout T-shaped 
props are used as in Fig. 316. 

The covering is plastered on to the base of the kiln first* 
the iowei* props are applied and the plastering continued^ 
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iill the upper props are required; then the dome is oom-| 
pletely plastered, though at first only thinly so as to allow 
the gases to escape. 

The kiln is kindled by filling lightly the still open flue with 
short thin pieces of split wood, on which comes a layer of 

glowing charcoal. As soon 
as the kindling material has 
thoroughly caught fire, fresh 
charcoal is from time to time 
heaped on. The split wood 
which for a time supports the 
charcoal burns completely, 
and the glowing charcoal falls 
to the bottom of the flue. 
The ilue is then filled with 
charcoal, which is pressed 
down, and the kindling cavity 
also filled with a heap of charcoal. After a few hours 
the flue is burned through from below, and must be 
repeatedly filled, as long as the glowing charcoal con- 
tinues to sink. When all danger of explosion is over and 



Fig. 316.— Prop supports of Alpine kiln. 


he wood in the dome is thoroughly kindled, it is covered 
rith paste, and the burning conducted henceforth as m 

ordinary kilns. . . , j *1.^4 

In Alpine kilns the filling which has just been descnbt^ 
^ub| be most cwefully conducted; as a rule, only charcoal u 
for the purpbs& 



Fig. 3l.'i — riank-supports of 
Alpine Kiln. 



PiChe Alpine method then differs from the ordinary method 
it burning kilns in the following points 
I (i) The large dimensions of the pieces of wood to be carbonised 
Sind the fact that usually they are not split. 

/ (ii) The wooden base of the kiln to cause a draught of air, 
which is required owing to the large pieces of usually green 
wood which are being carbonised. 

(iii) The large dimensions of the kilns. 

5 (iv) Only one covering being applied to the kilns, that is 
usually thick and requires special supports. 

(v) By the special mode of kindling, which is usually, though 
not always, from above. 


2. Kilns irith Wood yiled Ilorizontally. 

In Sweden and Austria, wood to be carbonised is piled 
horizontally, but the practice is becoming less frequent than 
was formerly the case. The following are the chief points of 
difference between this and the ordinary method. 

(i) The wood carbonised is chiefly coniferous ; the pieces are 
round logs, barked if possible, and of various dimensions up to 
20 feet or (in Sweden) 26 feet in length. The pieces of wood 
must be quite straight, or they could not be piled densely. As 
^fiuch large pieces may be used for timber, the method is 
employed only in localities where the timber of the species in 
'Question is unsaleable. 

f: (ii) The site chosen for the kiln is usually on slightly 
Imclined ground, but otherwise of a nature similar to that 
;; deBcribed for ordinary kilns. It is also prepared similarly, but 
often is merely levelled, covered with earth and firmly beaten 
down. 

I The size of the kiln also should be considered, its breadth 
^ing the length of the pieces of woodbind its length varying 
(Usually 18 to 20 feet, but often 25 to 40 feet, and even, accord- 
ing to V. Berg, 60 feet). The site should be a long rectangle, 
|he longer side of which has a slight gradient. 
t(iii) In piling the wood, the first point is to make the base of 
Ke kiln ; it consists of three long straight poles which are 
on the ground at equal intervals, lengthways as regardp . 
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the kilns (Fig. 317, in w). At the lower end of the kiln faLuue 
stakes are driven into the ground (Figs. 317, 318, p p j>), andl 
the piling commences against these stakes. As in the figures, 
the thickest wood is placed in the middle of the kiln and near 



7.— Horizontal kiln. 


its upper extreinitv, while the smaller pieces are placed above, 
below and at its foot. 

The wood should, in this case also, he piled as closely as 
possible, and interstices filled in with split wood. The flue is 



wood so that they overlap one another like tiles. The outer 
^covering consists of a paste similar to that used in ordinary 
kilns, or the same mixed with damp earth. 

In order that this paste may adhere to the vertical walls of 
,the kiln, the latter are supported by poles placed 6 to 8 inches 
apart along the two sides of the kiln, and its front (Fig. 319), or 
in Steiermark the whole kiln, is surrounded by planks (Fig. 318) 
resting on horizontal logs {n n ii, lig- 319), to secure a draught 
of air. The paste is applied between these planks and the 
ends of the logs, and is rammed down. The back of the kiln 
is, in Sweden, supported by props (c c <*, Fig. 317). The roof is 



Fifi. Hack wall of a hoiizoutal kiln. 


at first only thin, and is thickened after the kiln has been fired, 
when there is no longer any danger of its bursting. 

(v) In order to fire the kiln, the kindling flue, or chamber, is 
filled with readily combustible material, the filling being con- 
tinued with an open flue until the kiln is thoroughly alight. The 
whole front portion of the kiln must burn if the fire is to con- 
tinue uniformly throughout. Once this has been secured the 
kindling flue, or chamber, may be closed, and the combustion 
continued by opening successive vent-holes in the roof (in Steier- 
mark also in the sides of the kiln), as in the ordinary method. 

Carbonisation proceeds obliquely backwards, the fire being 
always more advanced towards the roof than at the base oi 
the kiln. Thus the base of the back of the kiln is the last to 
be carbonised, and the process is completed as soon as flamefi 
Bmerge from ventholes there. The charcoal is cooled bj 
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removing part of the roof and putting earth on it, the walls 
not being opened. 

(vi) The charcoal is renun'ed first from the front of the 
kiln. A portion is removed daily, and the kiln closetl again. 

In Steiermark, a coniinenccment is made by removing the 
charcoal whilst the back of the kiln is still burning. As the 
front part of the kiln burns longest and the charcoal there 
becomes light, atteui[)ts are made to prevent this by its early 
removal. It should , however, be remembered that this frequent 
opening increases the draught, and must cause a considerable 
loss of charcoal. 

8. Plt-ldbiH. 

Charcoal-making in pits is the roughest and least productive 
method. A round })it with sloping sides is dug in ground 
sutBciently linn for the purpose, to a dei)th of about a meter, 
and is filled with dry brushwood. This is kindled and remains 
burning oi)euly until the smoke ceases and the glowing embers 
remain ; these are then ])ressod together, the wood being 
placed in the pit and left to burn till the smoke has ceased. 
Fresh wood is then throw n in at repeated intervals until the 
pit is full. Then the pit is covered w'ith sods and earth, and 
the charcoal allowed time to cool ; the pit can be opened in 
1 to 2 days for removal of the charcoal. Such a method is 
justifiable only when wood has hardly any value, as almost free 
admission of air is involved. If the pit is dug on a little hill 
or on a gentle mountain-slope so that a channel from it leads 
out to the lowest part of the ground, the liquid products of 
distillation (tar) can be secured. Himilarly tar may be col- 
lected from ordinary kilns if pits are dug below the kiln, as in 
Bussia. Kilns may be surrounded also by masonry, as in 
lime-kilns, so that both charcoal and tar may be obtained. 

4. Yield of CharemL 

In discussing the quantity of charcoal \vhich a certain volume 
of wood may be made to yield, the following points should be 
considered : — the kind of wood, situation of kiln, state of 
weather, process and duration of burning, and different 
methods of carbonisation. 
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(a) Kind of wood. — All wood beiii" converted into charcoal 
naturally shrinks. Dry wood shrinks less than green wood, 
and consequently gives a larger return. Large pieces of wood 
also yield in volume more charcoal than small pieces, as more 
of the former can he piled in a kiln. 

(b) Situation of kiln. - The nature of the site of a kiln has 
an important effect on the yield of charcoal, a now site yielding 
less than one repeatedly used. 

(c) State of the weather. -The weather has important 
effects on the yield of a kiln. Dniformly still weather, which 
occurs frequently in late summer and autumn, is best ; change- 
able weather, accompanied by storms, is most unfavourable. 

(d) Process of burning. - Blow, careful progress, especially 
during the earlier part of the burning, not only yields heavier 
charcoal, hut also a larger volume of it. 

(e) Duration of the burning. - The length of time during 
which a kiln should burn is very variable and depends on its 
size, on the dimensions and degree of dryness of the billets, the 
quicker or slower action of the lire (according to the site, 
arrangement of tlui wood, weather, etc.) and many other 
circumstances. Small kilns of sprucewood containing 700 to 

1.000 niacked cubic feet are carbonised in 0 to 8 days, beech- 
wood ill somewhat less time. Large kilns containing 3,500 to 

7.000 cubic feet, in favourable weather, re(]uire about 4 weeks 
to burn, and in unfavourable weather, 5 to 0 weeks. 

(f) Methods of carbonisation. It is difficult in practice to 
decide which method gives the best outturn, as there are so 
many intervening facts. It appears, however, that the common 
method, with kindling from below, gives the best results. The 
comparative outturn of charcoal in quantity and quality 
depends greatly on the skill and foresight of the burners, 
which is really the most important of all factors, as experience 
shows in the case of permanent sites of kilns where the burners 
are frequently changed. 

(g) General results.— Charcoal may he measured by weight 
or volume, the latter being more frequent and large baskets or 
rectangular measures being used for the purpose. 

Coniferous wood yields more charcoal than broadleaved 
/Species; soft, broadleaved woods less than coniferous wood, 
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but more than hardwood. Branchwood and wood in the round - 
yield lesB than split wood. Thus the yield of charcoal is 
inversely proportional to the sp. weight of the wood, as 
heavy wood shrinks more than light wood, ihe yield l»y 
weight is directly proportional to the sj). weight of the 

wood. . 

The average yield from forest kilns may be considered 
good for hroadleaved wood with 50%, and for coniferous wood 
60%, by volume. The yield by weight is about 25% for all 
wo(jd. 

Yon Berg,* from average conditions of all intervening 
factors and after comparing large quantities of wood, givei 
the following percentages 


Spt’<*u'b of Wood. 

i 

\ ohniif. 

Wclijbt. 

Jieeeb oi‘ oak (split ])ilk‘ts) ... 

Uiieli „ M 

Scots pint' ,, „ 

S[)rucc ,, „ 

„ (stiini])-vv(Hnl) 

„ (loiiiul V>illt'ts) 

,, (small braucliwootl) .. . . 

1 

::: i 

1 

■M 

r.2 

(M- liS 
r»t) (;i 
~ 7." 

50 -ti.** 

42— r>o 

SS- IS 

2t) - 22 
20-21 
22—2.') 
2 : 1 - 20) 

21 '25 
20 24 

10 22 


Beschoven t gives the follow ing results of his researches in 
Eisleben, in percentages - 


Sjx'OU's 

! 

Volume. 


Oak 


71-S 

21 :i 

Bcec.b 

llonibcam ... 

i 

7:i 

57-2 

22-7 

20(5 

Bireh 


OS'.') 

2()-0 

Sc»)ts pine ... 


(»:cr» 

2i) 


5. Aasoilmeut, 

Charcoal is classified as soon as it is taken from the kiln^ 
according to the species of wood of which it is made, and 
also according to the size of the pieces. The smaller pieces 

* “ Anlcitung kuiu Verkohlcn ties Hol7.es.” 

I (Imlhe. *‘ Breunraaterialien.” 
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are sifted from the refuse dust and sold separately, while 
pieces that are not sufficiently charred are set aside for a fresh 
kiln, or are charred again at once in small kilns. 

(). Propa'tir>f of (liarcoal 

Good charcoal has a heating power of 7,000 to B, 000 calories, 
approaching that of pure carbon. Its composition is as 
follows : — 


Carbon . 

. 75-80 % 

Hydrogen 

. 1*5 2-5 „ 

Oxygcui . 

. 8- 12 „ 

Hydroscopic water . 

6- 12 „ 

Ashes 

. 1 2-5 „ 


Yioleito lias shown that llie (luantity of carlion in charcoal 
is lower, the greater the lieai of comhustion. (’harcoal has a 
higher heating-]>ower, the heavier it is and the heavier the 
wood from which it is made ; while the highei* the temperature 
atwhicOi it is hiirned the lower is its sp. \\(‘.iglit. Violetto 
therefore assigned to charcoal of elder- wood : -- 

At doO'-’ a sp. eight of loO 

„ l,02rr’ „ „ ’ IBi 

„ 1,500" „ „ 1B7 

On the average the sp. weight of charcoal varies from 140 
200, that of water being 100. 

The sp. weight of charcoal in pieces, with numerous air 
iterstices, according to Hassenfratz is: — 


Birch ‘20*3 

Ash .‘ ‘-20*0 

Beech 10’ 7 

Hornbeam 10*3 

Elm 10*0 

Spruce 17*0 

Oak 15*5 


According to Mayr’s researches, the sp. w'eight of the best 
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Japanese charcoal (Quercus serratn) is 82*9; of beech char- 
coal, 38*e5 ; spruce, Bl*5 ; boxwood, 81*7. Hassenfratz’a 
figures are too low. Good charcoal should be bluish black, 
with an oily lustre ; it should not split, but have a conchoidal 
fracture, should have a metallic ring when struck, and exhibit 
clearly the structure of the wood. It should he hard and 
without taste or colour, burn with a short, blue flame, without 
smoke or odour, without crackling or emitting sparks. Good 
charcoal is highly absorptive of gases ; beech charcoal absorbs 
35 times its volume of CO2, 90 times its volume of ammonia. 
Charcoal is antiseptic, it prevents a mouldy scent and hinders 
decomposition ; it has an immense durability. 

Section III. -The Combustion of Wood. 

As I’egards the utilisation of the combustion of wood 
for heating puri)os(^s, this is dealt with in the next chapter on 
the industrial uses of wood ; here, changes in the substance 
of wood by combustion in order to obtain useful materials 
from soot and ashes are considered. 

LamjMavk is jiJ'epared chiefly wdiere there are supplies 
of resinous conifers used for making turpentine and rosin. 
The residue after making oil of turpentine and the resinous 
roots of pines supply the raw material, which is burned with 
admission of oxygen sufficient to maintain a weak, reddish, 
smoky flanie. The soot is collected from the smoke in 
chambers covered internally with wool. Lampblack is 
obtained also from coal-tar. 

Ashes, manure-ash and potash were obtained formerly, 
when wood was without any value, by burning the wood 
with complete exposure to the air. Such a practice is now 
confined to remote forests only. But in modern artificial 
forests there is still much unsaleable material from which 
ashes may be obtained profitably. Branch-wood and top-and- 
lop, the almost worthless materials from cleanings and early 
thinnings, rotten wooti and stump- wood attacked by fungi is best 
burned, so that it may not increase danger to the forest from 
insects, fungi and fires. The ashes thus obtained are rich in 
potash, and when mixed with humus supply!splendid garden- 
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nanure. Ashes when freed from earth and pieces of charcoal 
yield the following percentages of potash : — 


Silver-fir . 

Oak . 

Beech 

Birch 

Larch 

Spruce 

Scots pine 


. 2B-0 

. 

. 2:v() 
. 19-7 
. 11-B 


By washing the ashes, boiling the solution so as to evaporate 
the water and heating the residue, potash is obtained. 


Section TV. - Chemical Aoknciks von Oi^tatnino tttk 
C oNSTriTEN'is of Woop. 

(a) Cellulose. - Cellulose is eniploytHl cbietly for making 
into paper. Taper-pulp obtained from wood is not only 
ch(‘aper than that prepared from rags, but gives clearer print 
and w('ars away the type less. On the other hand ])aper that 
contains niucli wood-pjilp soon becomes brittle and yellowish; 
hence much of the paper made from wood is ustdt^ss after 
about ten years, and it cannot be used for impoi tant docu- 
ments, Unmixed wood-pulp is, therefore, used chiefly for 
pasteboard, packing paper and the coarser kinds of paper. 
For superior pajier some rag-pulp must be mixed with wood- 
pulj). Nevertheless, the amount of rag-pulp used depends 
essentially on the process emidoyed in making wood-pulp, 
and good wood-cellulose is considered as an alternative for 
rags. 

The wood of aspen and lime are preferred for paper-pulp, 
but as they are quite insufficient for the demand for this 
material, coniferous wood is used, chiefly that of spruce. 
Besides these woods those of poplar and birch, and in 
America those of Lirioilendron and Weymouth pine, are 
employed. Poles and logs of 10 to 30 cm. (4 inches to 
12 inches) in diameter, prepared as for firewood billets, were 
usually chosen. At present wood of * larger dimensions is 
employed, as the cost o{ transport, etc,, is considerablv lese 
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than for small pieces. The wood should be free from knots 
and perfectly sound ; half dead and dead wood from thinnings ' 
is rejected, l^eeled round pieces 10 to 30 cm. in diameter ^ 
and 2 to 4 m. long are stacked in cords for pulp-wood. 

The present enormous demand for wood-pulp is one of the 
chief causes of the clearance of numerous jnivate woodlands, 
as wood of moderate dimensions is cpiite suitable. In Baxony 
G0% of the tot.al timber-supply was used in 1902 for paper- 
pulp. In North America (1900 3) 200,000 acres of forest 
were cleared for wood-pul]), in order to supply 210 paper 
factoj-ies. By far the greatest supply of paper-pulp comes 
now from the extensive coniferous forests of Canada, and is 
more and more threatening to German trade. 

As has been exj)hiined on p. 79, the walls of wood-fibres 
are formed chiefly of cellulose and lignin, with gum, tannin, 
coniforin, etc. In ord(u- to sei)arate the cellulose from these 
substance's, the wood is macerated and the lignin, gums, etc., 
se])arated as incrusting material ” from tlie pure cellulose. 
Various acids, such as nitric acid and mixtures of nitric and 
hydrochloric acid are used ; but indei)endenGy of the great 
cost of these acids— for they can be employed only once — this 
combination with cellulose is caustic and emits poisonous 
gases. 

The treatment with nitric acid attacks the cellulose and 
converts it into sugar, which may be neutralised with lime 
and made into alcohol. At Bex,"*- in Switzerland, 1 cubic meter 
(35 cubic feet) of silver- Ar wood yields 100 kilos (220 lbs.) 
of unbleached and 70 kilos of bleached cellulose. 

Caustic alkalis also dissolve the incrusting substances and 
saponify the resin ; they have the great advantage of being 
utilisable several times for maceration. Of these alkalis 
caustic soda is the most important ; it is prepared from soda 
by the addition of lime. 

In preparing cellulose by means of caustic soda, the wood, , 
freed from bark, knots, etc., is cut in an oblique direction to 
its length into pieces about 2 cm. thick ; they are ground into 
splinters between fluted rollers, working as in a large coffee- ^ 
grinder, that are 2 cm: long and 5 and S mm. thick. TheseJ 
Rerscl), ** Dk Verweriuiig lies Uolzes Quf chcmi&chcu Wegu," 1S93. 
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splinters are placed in sheet tin perforated vessels that are 
put into a fixed horizontal boiler. 'When the boiler is full 
of these vessels, it is herineiicalh^ closed, piiiiiped full of a 
solution of soda, and boiled under pressure of 10 ats. by 
means of a fire kindled below it. After 0 to 1 hours the boiler 
is emptied. The raw cellulose thus obtained is washed, refined, 
bleached, and pressed successively l)y several drying rollers, 
coming out in the form of felt. From To to 80% of the 
solution can l)e used again. This solution is known in the 
trade as “ soda-cellulose.” 

More recently this soda process is being abandoned for that 
of preparing cellulose by m(‘a.ns of sulphuric acid, which is 
brought into contact with th('. wood splinters in the form of a 
solution of calcium sulphate. In tliis method, introduced into 
Germany hy Mitscherlich, the splintered wood is placed in 
large boilers and steamed, then the solution of calcium sulphate 
is admitted and boiled \\ii\i a pressure of to 5 ats. for 50 to 
fiO hours. Th(^ solution comes from tali towers filled with 
lime, through vhich sulphurous acid from burning sulphur 
passes while valer trickles in from above. The solution of 
calcium sulphah'. is cnlle.cted in reservoirs below. The material 
coming from the Injihir is in reddish-yellow soft pieces, that 
are pounded, washed, jjassed through sieves, and ju’essed into 
felt by rollers. 

Cellulose made hy both the above proceHse*s is used partly 
for paper-nniking, partly for wood-pulp (p. 501). There are 
'in Germany fiOO colhilose factories using annually 1^ millions 
of cubic meters of wood. 

Kellner’s electrical process for preparing cellulose con- 
sists in boiling the wood with solutions, chiofiy of salt, 
and at the same lime passing an electric current tlirough it. 
This separates the incrusting material from the cellulose. 
It cannot be denied that there is now in Germany an over- 
production of wood-pulp, that is increased by the competition 
of America and Asia. 

The following articles are made of cellulose Ornamental 
relief-work in small pieces for artistic furniture and picture- 
frames; also entire pieces of furniture, the seats of chairs, 

fiiKo 1 o 4 /\vtT oriil oAnVirifT iif.AYinila. r 
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even boatB, hollow beams for lints, undergroinid tubes for; 
telephone wires, frames for doors and windows, oars, etc. 
The spokes of railway-carriage wheels are replaced by fill- 
ings with compressed cellulose. Antisei)tic wood-cellulose of 
silver-fir is used for binding wounds, (‘ellulose is used for 
floor-cloth nnd oil-cloth, for packing niutorial specially used 
for the despatch of gunpowder, an<l for many other purposes. 
It is also used for insulating electric conductors, and experi- 
ments have been made to ])repar(; gun-cotton from cellulose. 
Silk is also made from cellulose. 

Clmrdonmd and Lelinert have a pattait for converting 
sulphite-cellulose made of sprucevvood into niti’o-(ielhilose ])y 
ti eating it with nitric acid. It tlum re.semhl(\s collodion and 
is draw'll through line glass lu])es, wliicli jiress it into 
extreincily fliU} Ihn^ads ; 1*2 to 11 of lh»'S(‘ threads are 
spun into a silk thnnid. ddie danger of an ex])losif>n is 
avoided hy denitrifying the collodion. This artilicial silk is 
even more lustrous than natural silk and can he dyed readily. 
]\lost of the cheap silk goods now in tlui market are made of 
artilicial silk. 

A watery solution of cellulose in combination wdth soda and 
carhon-hisulphide is named viscose and used as a substitute 
for glue; wdien this is heated a hard amorphous substance is 
pioduced, viscoid, w’hicli in various colours is used instead of 
costly celluloid. True celluloid is producc^d hy heating and 
pressing nitrocellulose and camphor; this transiiarent sub- 
stance is used as a substitute lor tortoise-shell, ivory,' 
caoutchouc, etc., or for counterfeiting these substances. 
Celluloid may be rendered uninflammable, and is then called 
pegamoid. 

(b) Sugar and Alcohol.-— As cellulose has the same 
chemical composition as starch it has been proposed to manu- 
facture from it sugar and alcolud. The wood in small pieces, 
wood-pulp or sawdust, is acted on by acids and boiled for 
some time under pressure in order to convert it into sugar 
and by means of diastase to ferment it into alcohol. Although 
no successful results are known to have been obtained, it 
appears as if a great transformation in the manufacture ' 
of alcohol w'ill result and that inferior wood-assortment^ v 
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will thus become valuable. Ydarek* gives the following 
table : 


](K) Kilos of Wotxl. 


Spruce 

Silver-Hr 

Ueocli 

I’edmiculiite ouli 
Sessile oak 


Litres of Aleoliol. 


I 5 to ti'o 1 

! i 


(’a. m. j Litres ot AleohoK 

I 

1 1 50 


1 j 4i» 

I ! 47*1 

1 ' 50 I 


Simonson found that cellulose yields 4*2*7 per cent., saw- 
dust 22*5 per cent., of sugar. The cellulose in wood is con- 
verted into sugar more etisily than isolated cellnlost*; 100 
kilos of sawdust yield 0*5 kilos of pure alcohol. 

(c) Oxalic Acid-f is prejtared from wood. For lliis any 
minute pieces of wood, such as sawdust, is suitahle. Owing 
to the extensive use of oxalic acid in dyes and in calico- 
printing, its preparation forms an important industry. 

Tlie sawdust is mixed with a double solution of caustic 
lime and caustic soda atid is beal(»d uj) to 240^’ in shallow 
vessels. The resulting gr(‘enish -yellow mass is mixed in the 
water in which oxalate of soda remains dissolved until the 
water is cooled ; the salt is precipitated by sulphuric acid in 
the form of gypsum and oxalic acid. 

[(d) Bamboo-fibre. — Ur, J. S. Owden states that fine 
bamboo fibres are prepared in the West Indies, which, spun 
with wool in the ratio of 1 : 2, yield very strong cloth. 
Bamboo-fibre is also used as paper-pulp, and for packing the 
axle-boxes of American rail way -carriages. — Tr.] 


* *• Austrian F. u. Jagdzcitiiig,” 

I Bersch asciibes the success of their industry cliietly to J)r. Thorn. 



CHAPTEli IX. 


INDUSTRIAL USES OP WOOD. 

Theiim are few raw luaterial.s which i)osHess siicii extensive 
powers of a(lapial)ility Jind are bo larf^ely used for industrial 
pnrpose.s as wood. A casual inspection of the interior of any 
huildin^j; is snnfici(‘ut to convince, one of this. 

Wood may he classitied according: totJie manner in which it 
is used, as timber and firewood. In liml)er the B])ecieH and 
the chemical and physical propca-ties of llu' wood decide the 
purpose for wliich it can he used; as regards th’e wood, how'- 
ever, the wood is used only indirectly in ordt'i’ lo utili.^e the 
heat produced hy hnrninfi; il. The discussion of tlie })n)por- 
ties of wood for the various industries in (’hapter 1. renders 
further remarks on them unnecessary heit>. Jt is also 
evident, that in the forestry of the twentietli ci-ntury not fire- 
wood, hut iimher, must ]>e the chief ohj(a‘t of production, for 
timber unlit for any otlier iiurpose may Ix' used for fuel, hut 
mere firewood cannot he used j^eiierally as timher. 

Subdivision I. — Timber. * 

Section L — The Diffktient Classes of Convfutki) Timler. 

1. Ooncval Ai'vount. 

The demands on timber are as varied as the kinds of timbei;; 
available. In considering merely the woods used in the con- 
struction of buildings, furniture, implements, tools, and the 
innumerable articles of convenience, art and comfort, it will 
be perceived readily that nearly every object requires a special 
kind of wood. If, therefore, a forest is to he worked inten- 
sively, so as to yield the highest possible revenue, it should; 
produce wood which may be used to the greatest advantage, 
or, in other words, which is most valuable. In order that the 
ptoduce of a forest may be of this nature, the forester shoul^J 
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j^ssess a thorough knowledge of the special requirements of 
industries using wood, which is too much to expect from him. 
To a certain extent, however, this knowledge is indispen- 
sable, especially as regards those iiulustrios which obtain 
their wood directly from the forest, and require it in large 
quantities. 

It is true that iron competes more and more with wood for 
certain purposes — as for shipbuilding, agricultural im[)lements, 
water-pipes, telegraph-posts and railway-sleepers, where it has 
been substituted largely for wood; in mines, iron rails and 
props are used ; in the construction of large bridges, woodwork 
is entirely dispensed with, and iron instead of wooden pillars 
are used where vertical support is required to a building. 
Even in numerous small articles iron has been substituted for 
wood. Yet with the constant increase in human require- 
ments, hundreds of new' uses for wood are found, and there- 
fore the demands for high-class timber increase constantly 
whilst the area of the forests decreases, so that the supply of 
this valuable material tends to diminish. 

The timber n'quired for various industrial purposes does 
not ill many cases jiass directly from the w'oodmaii to the 
artisan, but generally through the intervention of a middle- 
man, the timher-merchant, who converts rough timber into 
pieces of dimensions suitable for the requirements of the 
various industries. In this intermediate state it is termed 
converted or marketable timber. 

Timber may be classified according to its form, adaptability, 
and mode of conversion, and this classification naturally pre- 
cedes the account of the different wood-indjuBtries. Thus, logs 
„ may be distinguished from sawn, or cloven timber. 

2. Logs. 

Logs are pieces of timber which retain the full thickness of 
tbe^Btem, but may he more or less shortened. They are 

* [A paper was written in the *• Revue <k*.s Kaux <-t Foret'-/' December, IftiH, 
sliowiiijJT that in Britain, whilst tlie production of iion in as as in all the 
rest of Europe, yet the imjmrtsof timber lm\e rnen, beivsecii ISiip and 1890, by 
168 per cent. As iv-gards the timber-supply from forests m the United States, 
R. S. Kellogg, “The Drain upon the Forests,” U.S. Dep. of Agri., Novem- 
ber 80, 1907, says titat it is probably three times the annual incFement. — Tr.] 
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distinguished further as round logs, and balks which have 
been squared, or are of rough prismatic shape and are then 
termed sided timber. 

(a) Thus, timber in the round is the part of a stem which 
has been merely barked, and may he used directly as piles, 
masts and spars, w}u‘(‘l-hubs, scaflblding-poles, pillars, anvil- 
stocks, telegraph-posts, hop-poles, or, when bored, for water- 
pipes. 

(b) Balks are used tis b(;ams in the construction of houses, 
bridges or ships, being logs squared roughly either with the 
axe or saw’. If not quite square they are termed waney 
(Fig. 320, 0 , p, 7 , r, h, t, //, r), wanes being the natural surface 



of the timber, and panes the flat, hewn or sawn surfaces from 
which side-pieces have been removed. In the case of waney 
balks, for which rarely more than two-thirds of the trunk are 
utilised, the W’uste is about 12 to 15 j^er cent, of the whole, 
while, when the timber is square, the loss is about 27 per 
cent. 

Boles about 00 feet long and of about 8^ inches mid- 
diameter, corresponding to 12 inches diameter chest-high 
(ii feet from the ground), are commonly used for balks. 

(c) Round oakwood is sometimes split through the centre 
into half-balks, with a section as shown in Fig. 321. These 
half-balks are met with in the Baltic oak -trade, and in the case 
of oak from the Spessart, they are used in cabinet-making 
and joiners' work. 
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Quarter-balks {hois de qttartifr) are {>rodace(l commonly in 
[<'rance by sawing two cuts at rig) it angles to one another 
;hrough the heart of a tree. 

3. Sawn TimWr. 

[Various methods of sawing timber are shown in Figs, 822 
,0 325, the best sawn jiieces being obtained by cutting as much 



Vv^ 321. Fig 32r>. 

MetlKxls of sawing, after Boppc. 


is possible ill the direction of the medullary rays, as wood has 
a better appearance (silver-grain), and stands friction better 
in this way.— Tr.] 

Scantling, battens and planking, comprise the different 
forms of timber after the stem has received several saw-cuts 
lengthwise. Naturally, in these forms of converted timber 
the full diameter of the stem is no longer retained, except 
sometimes in one direction, and the length of the pieces is 
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generally of greater importance than their breadth ; it is chiefly ^ 
large trees (IG inches and more in inid-diameter) which are 
most usually converted into planks and scantling, and the 
following kinds are commonly known in the timber-trade : — 


(a) Pieces square, or nearly so, in Section. (Phg. 326.) 


i. Scantlings may he 8 to 20 feet lung, and in section 
2 inches by 2 inches, 2J inches by 2^ inches, 3 inches by 
3 inches, 3 inches by 4 inches, 3 inches 
by 5 indies, 4 indies by 4 inches, 4 inches 
by 5 inches, 5 inches by 5 inches, and 
inches }>y G inches ; they are saw'ii from 
logs and beams, of 2 to G inches mid- 
diameter and 8 to 20 feet long, also from })lanks. They are 


Fig. --Sffuitling'' 


used for sniiporting floors and roofs, for door-posts, gates, etc. 

ii. Laths are made by sawing up planks, and are generally 
less than 2 inedu’S thidc, from 10 io 20 feet long, their usual 
dimensions are inch to inches tliick, and induvs to 
2 inches wide. TTiey are used in supporting tiles, slates and 
ceilings, also espaliers, vines, etc ; they are fieiiueiilly split 
instead of being sawn. Laths for ceilings may be sold even 
when Jrd of an inch thick and 1 foot or 2 feel long. 


(h) Boards in which the Breadth is much Greater than 
the Thickness. 

i. Planks are cut right through tlie stcun and are usually 
10 to 20 feet in length, and 8 to 14 indies by 2 to 4 inches, 

and exceiitionally G intdies in section. ; 
(Fig. 327.) 

[In the case of oakwood such planks 
take at least one year for every inch' 
of thickness for seasoning, and they; 
are kept in stock by timber-merchants < 
and used for all kinds of purposes, frequently after being 
further reduced in size, llailway-sleepers are comprised under 
■jhis class, their dimensions will be given further on. — Tr.J 

ii. Deals under 2 inches in thickness, usually varying from' 
[ i!*ch to 1 inch, and of various lengths, but generally from , 



Fig. — Poiinlh. 
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10 to. 20 feet long, and 5 J inches to 1 foot broad, the usual 
breadth being B inches to 1 feet. They are used bu’ fioors, 
door-panels, ca))inet-making, etc. 

iii. Battens, or small boards, may be H feet to 20 feet long, 
and in section 4 inches by ij-mch, up to 7 inches by 8 indies. 
They are used for door- and window-frames, etc. 

4. Cloven Timber. 

C4ov(‘.n timber comprises all those sorts of limber in which 
the wood is split, or cloven, along the direction of the tibres ; 
it comprises staves for casks, park-palings, laths, shingles for 
rooting, spokes for wheels, rungs for ladders, hurdle-wood, etc. 
This class of wood is characterised by the. fact, that tlio lihres 
not biiing severed, the wood preserves its natural elasticity 
and strength and is much less permeahle hy liquids ; it is loss 
liable to warp and crack than sawn timlxM*. The work of 
cleaving limber is also more expeditions and ri^piires simpler 
implements than sawing, and there is scarcely any waste of 
material involved. In cleaving wood it is advisable, when- 
ever possible, to W’ork from the centre of tlic piece of w'ood 
outw’ards. 

SECT10^’ 11. — ThMllER rSED IN Sl'PERS rKlCTniES.^ 

(a) Different Kinds of Superstructure.—Tlie term super- 
structure includes all parts of buildings that are above 
ground or wati*r, so that the timhtw used in their constiuc- 
tion may he exposed to the external air and to atmosplu'ric 
infliiGiices, hut not to moisture from the soil or in watoi- 
courses. Building-timber may be distinguished as sawn 
timber (beams, planks and scantling), which is fitted hy a 
carpenter, and planed timber used for fioors, doors and 
windows, and fitted by a joiner. 

According to the demands on the durability, strength, 
beauty, etc., of the timber used, and to its local value, 
different modes of building are employed, some of winch 
use timl)er in large quantities, and others much more 
sparingly. 

* M, Liziufj, *• Hanrlbuch der toll Bawkundc, ’ B«rhu, 

® ® ' ' 
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These modes of building may be distinguished by the' 
fiature of the walls erected. Thus, block-houses, or log- 
huts, have entirely wooden walls ; tlie wooden frame-work 
BometimcH employed for the walls of houses may })e filled 
in with planks, bricks, or lath and plaster ; the walls of 
other perstrucfcuros are l)uilt of mud, stone, or brick 
masonry. 

In the case of log-huts, the walls of the whole building are 
made of round logs or .scjuar(*d balks, the necessary firmness 
of the building being secured by dovetailing Iheir ends into 
beams ])laced at right angles to them. Log-huts are still 
used in tlui Alps, and iii countries like America or Australia, 
where timber is still abundant. 

A higlier class of bouses is built witli a comi)lete wooden 
framework of beams and scantling, dovetailed and riveted 
together, and tluj interspaces are covered afterwards with 
plants, or lilled-in with lath and plaster, or with rubble- or 
brick- masonry. IJouses w'itli a wooden framework lilled-in 
w'itli masoiny are termed half-timbered. In tlie Middle 
Ages, owing to tlie abundance of wood nearly all houses and 
e\en laWm edifices w’ere built with a waioden framework ; 
at preseiut, this mode of construction is limited to woodland 
dutricts iNid especially to Bwitzerland and the Black Forest. 
Itfi use is \becoming more restricted in Europe as com- 
munications improve and it i.s being replaced by stone- or 
brick-masonry. 

[In countries like Japan or Assam, where earthquakes are 
frequent, this mode of building with wooden framework is 
far safer than masonry, the interspaces between the wood 
being filled-iii with reeds or bamboos and plastered over. In 
the event of an eartliquake, the whole house holds together 
and the danger of falling masonry is avoided. Frequently 
owing to tlie malarious nature of the country in Assam, bouses 
are raised above tlie ground on piles. — Tr.] 

Brick- or stone-masonry is the best material for the wall 
of buildings, and at present is most common [though h 
fairly dry countries, such as the N.W. of India, walls anc 
even roofs are made frequently of mud.—Tr,] In all these 
cases the minimum amount of wood is used, and chiefly foi 
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doors and window-frames, for the lloorinp; and wainscoting of 
the different stories (tliougl) even these may be made partly of 
stone and cement, supported by steel girders), and for stair- 
cases and roofing. 

Wooden scaffolding used during the construction of build- 
ings of all kinds also requires a large quantity of round 
timber and some planking: work-slieds and other similar 
constructions are made usually with a wooden framework. 

l^)eams, scantling, j)lanks, etc., and round timber for 
scaffolding, are the usual forms in which wood is used in 
superstructures, while the ])ro])erties which timber should 
possess for use in superstructures may he considered under 
the headings shape and dimensions, strength, durability 
and weight. 

(h) Shape and Dimensions of Timber Used.— Although in 
tlio constriK'tion of stuircaseH and of half-timbered houses, 
curved wood is not excluded, tlie carpenter requires straight, 
cylindrical logs foi* most of his pieces. TIkj length and 
diauK ter of ilu* ])ieces de})end, of course, on the, size of the 
building for which they are required, hut the pieces used for, 
any pitrticular building are classed in uniform siz( 5 S. Tliey 
are seldom thinner at centre than 4 to (> indies, or thicker 
than 1 to 1] feet. 

(c) Strength of Material. Timber is subjected to loads 
which when applied transversely to the length of the pieces 
tend to cross-break them. In such cases, the timlier serves 
the pui-pose of a beam, as for instance, the joists for supporting 
floors and rafters for roofs. 

The strength to resist bending is proportional to the width 
of the beam and the square of its depth. Two beams of half 
width liave the same strength as one of whole width, but two 
beams of half depth superposed one on the other have only 
half the strength of one of whole depth. The greater 
transverse thickness tiierefore should be jilaced in the direc- 
tion in which the load is applied. In order to provide 
suflicient stiffness as well as strength, the depth of beams, etc., 
is made from ^jjth (in short beams) to 2 V)th of the length or 
span (in beams 20 feet long), and to give lateral stiffness, the 
width is about Jrd of the depth in short beams, and Jth in 

o o 2 
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long beamH. For Bpans exceeding 20 feet, iron and steel 

girders are generally used. , , it, t 

When the load is applied in the direction of the length of . 
the niece of timber, the latter acts as a strut or colunni, when 
the load thrusts, or ns a tie when the load pulls. l»'^er is 
exposed very rarelY to a strong pull on account of the dilhculty 
of getting secure attachments t<. the ends of a piece ; by merely 
butting the ends, however, unlimited thrust may he applied. 
Long stmts or c.diimns are liable to yield not by direct crush- 
in- hut hv cross-breaking due to lateral bending. 1 he thrust 
which can be borne safely varies from \ of a ton per square 
inch of section in struts of a length equal to 8 times Uiear 
diameter, to one halt of that amount when the length is 24 

times Uui cliameter. * t 

(d) Degree of Soundness and DurabUity.— All jneces of 
timber used in constructions must he perfectly sound and 
sulliciently durable, and in all cases none hut thoroughly 
seasoned ' timber should bo used. Some of the pieces 
used in buildings are exposed to decay more than others, 
such as those used for cellars, wash-houses, hrewenes, 
stables and other damp places, whilst rooting timber is less 

endangered. 3 ^ 4 - 

Tt in not surprising to iind, if green timber be used, that 

destructive fungi attack the beams, etc., and early repairs are 
necessitated. I’ieces of wood that are most exposed to decay, 
and nowadays the ends of alt beams, are smeared or impreg- 
nated with antiseptic substances, such as carbohneum, anti- 

moilium, tar, etc. i i • u 

[In countries where white ants abound, only wood which 

they do not attack should lie used in cousirnctions, an excep- 
ion being made for rafters, when the masonry, or half- 
imbered walls are secure against the passage of the ants. It 
s also usual to smear the limber externally with wood-oil, 
ixtracted from species of winch is a great 

preservative against insects. 1 1 •! 

(e) Weight.— Weight is avoided as much as possible, 
sspeciallv in the roofs of buildings, which were formerly made 
of heav; oakwood. In substituting light coniferous wood 
instead ‘of oakwood for roofs, fairly durable wood should be 
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used, such as narrow-zoned and not broad-zoned wood—at 
least, for the principal roof-timbers, rsuiilly the price of 
this line-zoned timber is considerably bi^dier than for inferior 
material. Greater ease in construction is also a cause of the 
preference of light to heavy wood. 

[Ill India, bamboos are used largely for rooiing ; umhu* thatch 
they should be at least three years old shoots, and thoroughly 
soaked in water for a month or two before being used, in order 
to avoid insect-attacks.- Tr.] 

In Europe, chietly the woods of spruce, larch, silver-flr, and 
Scots pine, are used in buildings on account of their liglit- 
ness and other qualities, good larchwood being the best 
material of them all. These woods are struiglit and strong, 
and if not gi’own too (piickly, sufticiently duralile ; tliey are 
cheap and easily worki'd. Oakwood, formerly consulered 
indispensable for building purposes, at jiresent is used much 
less fre(piently. on account of its high price. Still it should 
be preferi'ed in all damp, steamy places, where great demands 
are made on the durability of a wood. 

The spruce is used more extensively in buildings than any 
other limber, on account of its cheapness and sjiecial qualities. 
Its perfectly straight stem possesses great transverse strength 
and Hutheient durability, its wood also is light and easily 
worked. Owing to its greater durability, good larchwood, 
which possesses all the other qualities of the spruce, is used 
largely in mountain districts. Black pinewood from the 
Alps ap{>roaches larchwood in value. The Scots pine also 
affords excellent building-timber, which is more durable than 
spruce wood, and is preferred generally for beams. Silver- 
flrwood is very elastic, and yields timber of as large dimen- 
sions as any of the above; it is more cylindrical than 
spruce wood, on which account it is preferred to it in some 
districts. In others, it is reported as of limited durability, 
and liable to he worm-eaten, hut usually is preferred to 
sprucewood in damp places. It appears doubtful whether 
builders really distinguish between • spruce and silver-ffr 
timber ; local custom frequently prescribes the kind of build- 
ing-timber which is preferred, irrespective of its other good 
qualities. Silver-fir wood grown in Britain is in higher repute 
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than indigenous sprucewood. Wood of the Weymoutli-pme 
also is used in buildings ; it was considered to possess little 
durability or strength, so long as only young wood wi'-hout 
heart was used. Weymouth pinewood indeed is the ligliles 
of the important coniferous woods, but it is not correc 
to say that it is the worst. V. lioth (“ The A\ood of t e 
While Tine,'’ IW*'.)) says that in tbe United Stales, anti 
perhaps throughout the world, no wood is used for so many 
purposes as AVeynioulh jiinowood. 

The wood of ft^w broadleavt'd species, excej)! the oak, are 
used in buildings. [Chostnutwood lias been reported to have 
been used in roofing cathedrals in France and England, but 
Mathiou (Fhir J'oirHiihr) states that when the wood of these 
roofs has been examined by an expert, it has been fount 
always to be of oak.- Tr.| Elmwood and wood of robima 
afford good buililing material, but are scarce in Oermany, 
though tbe former is fairly common in Britain, Aspenwood, 
in spite of its little durability, is sometimes used for light 
rooting spars. Almost any wood may be used to lilt 
frame-work of timbered bouses; often beech is emidoyed for 
this purpose. 

Amongst foreign woods, that of the Pitch pine (Punix pahiK- 
trie), on account of its great durability, strength, beauty of 
grain and comparative cheapness, is in great demand. 

In the selection of various woods for Imilding jnirposes, tlie 
price and facility for working are usually decisive, also onstom 
and sometimes prejudice. 

In the east of Korth America, for centuries, tlie most impor- 
tant Imildiiig-timher has lieen Unit of Wcymonlh-pino; as now 
the supply of this timhov is nearly exhausted, swamp-cypress 
(Tcuodiiiin (Untirhuiii) and other timbers that were formerly 
despised, especially that of species of pine, have come into 
use. Queniis alba replaces our oaks ; iu the west and south 
. of North America, redwood {Sequoia xempeirireiis), in the north, 
Phius pmulerom and Douglas fir, are the most importaut 
timbers. [Western larchwood (iMvir wcidviitalis) also from 
Montana is coming into use.— Tr.] Iu Japan, Criptomerw 

japouica is most used ; wherever this fails, pines and cypresset 
are selected. The Imperial palace is built of the woo( 
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of Chamcecyparia ohiusa ; only Zelkowa Keaki is used for 
temples. 

[In India, teak, deodp.!’, Pinu^ excdm and siil [Shorea rohusia) 
yield the best building timber, but each province (especially 
the moister regions of Bengal, Assam, Burma, Bombay and 
Madras) possesses a. few other species yielding durable timber. 
By far the larger number of Indian trees are devoured by 
the white ant, however well ilie}^ may be seasoned ; this 
restricts greatly the possible selection of timbers to bo used 
for buildings. — Tr.] 

SpxrnoN III. — Timber vsed on, or in, the (1 round. 

Woods used in the form of piles for foundations in swampy 
ground, or to support road-embankments ; also woods used in 
aqueducts, roads, railways or mines, come under this head. 

1. used in FoniKhttiona vf Btiildinys. 

Whore buildings are constructed on yielding soil, frequently 
a foundation is made for them by driving i)ileB H inches to 
12 inches in diameter, and 10 feet to 10 feet long, into the 
ground, sometimes in several tiers one above the other, until 
a lirm foundation has been secured. Frequently this takes a 
very large quantity of timber. Wherever these [dies are not 
com[)letely under water they are extremely liable to rot owing 
to the variable moisture in the soil, which is not usually suffi- 
cient to exclude the air, and to the usually moderate tempera- 
ture of the soil. Hence the most durable woods are used for 
this purpose, such as oak and resinous conifers, chiefly larch 
and Scots pine. Wherever the soil is permanently wet, alder- 
wood also may be used, as it is essential that the piles should 
be straight. 

2. Wooden Water-pipes. 

Although everywhere iron water-pipes are replacing wooden 
pipes for aqueducts, yet in certain well- wooded countries the 
latter are used still; for this purpose the best Scots pine- 
wood, larchwood and black pinewood are most suitable. 
Only straight pieces are used, as in boring them the auger must 
not leave the heartwood nor penetrate the sapwood, which has 
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no durability. Pines suitable for water-pipes are free from 
knots, witli fine ])ark tuicl small crowns. Trees 10 inches to 
1() incln^s in di^.nieha*, chest hif^h, are the best. As larch has 
very lillle sapwoud any strai^^ht tree of snflicient si/e wall 
servo Hh' purpose. I'sually these' woods last H ytairs to 10 
years if tluy arts laid at a proper depth below the surface 
of the soil, somewhat ov(‘r 2 feet, where frost and heat do not 
affect them. 

I'ailinj' these, wot>ds (A sjaaice, silver-fir and alder may he 
used. Oakwood gives the w’at(‘r a had taste, it is too expen- 
siv(* for tbe purpose, and other woods ai’e not suthciiaitly 
durable. } 1 )('odar-woo(l is the best to use for acpiediicls in the 
Himalayas. Tr. ) The wood is bored and used ({iiih' gretm, 
and Huj)]ilies of W'oodeii pil»eb must hi' kept in running water 
to j)rev('nt warping and cracking. It is j)r(‘ferahlo to keep 
them in dry sheds than in stagnant water, where s 2 )ores of 
fungi g(d into the tubes and cause ])remature decay. 

Singh' 2 )ij)('S are 10 hud to 13 feet long, as it is dillicult 
to hort' lliem to a. greater length. The wall is gt'nerally as 
thick as the l>on‘. 

3. Hood used Jor 'Ilmhcr Ejpor(~]}\>rh's. 

AN'ood is used fre(jiH‘ntly in forest export-roads, slides, 
sledge- roads. Whtu’i'Vi'r there are extensive coniferous foresm/'' 
and the local })rices of wood are low’, large (juantities of wood 
are used for fencing, siH)j)orting embankments, culverts, bridges, 
and for covc'i ing swami>y ground ; all kinds of wood, chiefly 
coniferous wood, are used. 

1 . ]ViH>d-l\fvinfi,'^ 

Wood-pa\ ing is now employed in the streets of htrge cities. 
[In London, jarrah (Kiicali/ptuft manjinata) and kari {K, 
dirersicolor) are used largely for this piiri>ose, and doubtless 
Pyngsdo (Xpliu didahiijonuia), and other heavy Indian woods 
might be ii.sed with advantage. — Tr,] Among Eur 02 >ean 
species the hardw oods, beech, oak and elm are best, but owing 

t V. L. Hill. '* \\\KKl-{M»vn»g in the Uiiitcil St.ntes,’ t'.S. Hep of Agri., 
Hatch 4, U‘US. 
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to its cheapness Scots pinewood is also nsed and has proved to 
be as durable for this purpose as rikh ])ine. 

Generally injected vood is used, zinc-(‘hloride is said to 
have ^Mveii better results in this respecM than cn‘osoie. I'he 
wood is used eitlu'r in rhombs, or rectan;;ular ])risms, jdaced 
on a sligliily arcluat hner of eoncrete, niolti'n asphalt being 
poured hei\M‘en tlie blocks, which an* afterwards covt'red with 
a lay(3r of iiiu* gravel and well rolled. 

The blocks of wood are h indies to 12 indu's long, if indies 
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[There are also some imjiortant points to be considered, 
sspeeially noise from trafticand wear-and-tear of tyres; in these 
L*es})ects wood and asphalt are evidently superior to granite or 
other hard stone. As regards the viirious Iciiids of wood, 
softwood wears away evenly and does not impair the concrete 
Ixjnealli it. Hardwood wears less rapidly, but unevenly, and 
injures the concrete below, so that it iiiusi he taken up when 
iresh wooden blocks are laid. Non-absorbent wood is the most 
liygienic, as much horse-urine permeates absorbent wood. — Tr.] 
.. Blocks of Scots (red) pine and other wood are used also for 
he hooriiig of stables, threshing-floors, or outdoor staircases. 
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liciilw ay -Sleepers, 

Tp to the present time rail- 
wa 3 ^s have made great demands 
on forests, chie/l}^ for railway- 
sleepers, or ties, as (he}^ are 
teiin(‘d in America. 

(TIh; dimensions of railway- 
bleepers vary in dillerent coun- 
tries, in I'higland being P feet 
t>y ]() inches ])y 5 inches, or 
♦U (*'il»ic fe<*t : eleven of these 
sieejXTs are used for ;■{() feet of 
line, being al)oui feet apart, 
hnt are further apart towards 
the centre of the rails and closer 
near the joints. Each red-pine 
Hleei>er is saturated with 2^ gal- 
Ions of cieosote, which is fhrced 
into the slee 2 )ers under pressure. 

I he breadth of gauge between 
the rails is 4 feet 8i inches, 
wliiclj with the width of the 
rails, 84 inches, makes up 5 feet, 
the ordinary width a])art of the 
wheels of a cart. In France 
gieat latitude is allowed in 82 )eci- 
fications of sleepers, as shown in 
Fig. SW, 

In India, the ordinary gauge, 
termed the broad-gauge, is 5J 
feet; and the meter-gauge, 8 feet 
inches, corresponding to 
sleepers 10 feet by 12 inches 
l>y 6 inches or feet by 10. 
inches by 5 indies, and 8 feet 
by 8 inches bj' 4 J inches respec* 
lively. ; 

The rails are placed on steel chairs fastened to the sleeper J 
by iron spikes, oak trenails, or both, and it is essential thj 




?! 


t <1^; a 


(Dimensions in met* ’s ) 

Fig. n2ir— Difr*Tont soetions of raii- 
way-sleenerH usetl in France 
(After Boppe.) 
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Ifehere shall be no ])ad knots on the sleepers just where the 
ehairs are Iked to them.—Tr.] 

Tn Germany llrst-class sleepers are *2*7 m. long and 16 by 
2b cm. in section ; second class sleepers are 2*5 m. long and 
15 by 25 cm. in section. On the average* a sleeper contains 
0*10 cu.m. (dl cu. feet), and if the waste of wood in sawing 
them is considered each sleeper requires 0*18 cu.m. (4*55 cu. 
feet). In Jlelgium, France and Jiolland the sleeiiers are 2*50 
to 2*75 m. long and with sections 18 by 26, 14 by 28, 15 by 
80, 16 by 82, 18 by 85 cm. ; as already stated, their shape 
need not ht* regular. 44iey are therefore cheaper than 
English or German sleepers. It should be noted that the 
height ol a slee[)er has more effect on its durability than 
its width. 

In 1002, the total lengtli of railway lines in Germany was 
58,000 km. (88,125 miles). There are on tlie average 1,800 
sleepers per kilometer, averaging 0*1 cu.m, of wood. As the 
sleepers last about 10 y(*ars, every year about 6,800,000 
sleepers have to he replac(‘d, )-eqniring 6)80,000 cu.m, of wood. 
Also about 000 km. of new lines are constructed requiring 
1*20,000 cu.m, of wood. Hence the annual demands for w'ood 
for the (hirman i-aihvay-sleepers arc about 800,000 cubic 
meters, or 28 million cubic feet, which if tlie waste in sawing 
the sleeper.s is inclmhal means a drain on the forests of 86 
million cubic f('et, the annual produce of about a million acres 
of woodland ; of the German sleepers 55 per cent, is conifer* 
ous, 40 per cent, oak and tlie rest chiefly beech. 

It is evident that the greatest number of sleepers should be 
eawn from wood in the round, bjxperience has shown that in 
the sleepers m. long and 16 by 24 cm. in section the follow- 
ing sleepers can he cut from round logs. 
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Wood of lar^^e dimonsionH, oak wood at any rate, is too 
expensive for railway-Hleepers, so that only oaks of third class 
are used. As a rule from !i0 to 40 per cent, of the wood is 
wasted. 

Oakwood formerly was eoiisidered essciiitial for railway- 
Bleepers owin^ij to its durahility, exlen<lin<j[ to 10— IG years. 
Narrow-ringed larch-wood liad an avm-age duration of lOyears,' 
and close-ringed Scots pine with plenty of heaa'twood 7 to !) 
years, no other l-luroiKian woods being utili.saldo unless 
inipiegnated with anti.septie suhstances. Now, owing to the 
increasing scarcity ami cost of oakwood and the advantages 
of inijiregnating sleepers, impregnated pinewood as well as 
inijuegnatud wood of beech, spruce and silver-fir are pre- 
fen-ed. lieechwood absorl.s creosote fully and is now used 
O-xUnsiv^ly. kjxpeiiuiental ust* is also made of 2 >itch jane and 
(jiiebraeho wood. The. (jneslion of inii)regnating wood has 
las'ii dealt with already (j). 50<»). 

Voiing oakwood on aecoiint of its .snjierior density is better 
tor railway-sleejiei's, when ereosoled, than the wood of old 
trees. If many oak sleojiers have shown little durahility, 
that IS due to the low class of timber used. The nature 
also of tlie bedding in which the sleejiers are laid exercises 
con.siderahle lulliionce on tlieir duiation. 

Iron has come recently into conijKitition with wood for 
sh-ciiers, the chief reason for its use being its great durahility. 
During the years IHi.t to iSPtion the IVussian State Kaihvays, 
which use annually about 31 million sieejier.s, the use of iron 
sleejiers has goiio uji from 17 jier cent, iti 1891 to 25-9 per 
cent. Ill ISiK). Of the wooden sleepers, in 1890, 71'3 per 
cent, were of pine and 28-7 per cent, of oak, in 1895, 90 per 
cent, of the pine sleejicrs were imported hut only O'O per cent, 
of the oak sleo])ers. 

[The iron or steel sleepers are either trough-shaped or pot- 
Bhajied, the trough-shaped form being the best. T^e chi<A 
objection consists in a gradual change in the molecul'®** due to 
the action of the trallic that renders this metal Wttle. 
Woollen sleepers are heavier and more stable thmll nieti 
sleepers. Another objection lies in the greater cost of steel 
sleepers ; ofteu in India the saline nature gf the soil is 
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prejudicial to steel sleepers. No sleepers can yield a better 
running road for traffic than the creoaoted red -deal sleepers 
of Piifiia Hi/Iveatria from the Baltic, which are used almost 
exclusively in Britain. 

In India, teak, deodar, sal, and Xi/lid ihilaJivlfornih ar(‘- the 
chief woods used for sleepers, and 4 millions yearly are the 
estimated re(jniremenls for the future. 

In America most sleepers an* made from the h>ng1ea,ved or 
pitch pine (/^ jHiInati i'<) : in Australia and S. Africa from 
species of lUu-ahjpiusi, though mucli red-deal from lln^ IJaltic 
is imported into S. Africa. — Tr.] 

(). Wood fisrd in Forls. 

Palisades in fortresses are made of all kinds of wood, chietly 
coniferous. Platforms for giins and homh-proof and other 
sheltered i)arts of forts are made largely of all kinds of \^ood, 
chietly oak and Scots pine. 

7 . Mininff 'rnninr. 

In s}»ite of the large use of iron in supporting mine-galhiries, 
largo quantities of pit- wood are used for this i)urpose, as well 
as for lining shafts in pumping-works, etc. In (Germany, the 
annual production of Pitt million tons of coal and lignite 
require annually IP(> million cubic meters of wood (126, 000, 000 
cubic ioet>, while for all the German mines, 4 million cubic 
meters of wood are require<i. Wood used in mines is exposed 
to damp air, damp and frequently wet soil, and, in tlie dee2)er 
mines, to a constant degree of comparatively high temperature. 
Evt»ry Circumstance, therefore, tends to favour the decomposi- 
tion of the wood, and it lasts seldom more than 4 to 6 years. 
If the demands were not so considerable, nohe but the most 
durable oakwood ought to be used. It is, however, more 
economical to use the wood wdiich is locally more easily pro- 
curable; this is chiefly coniferous, of wdiich larch wood is most 
durable, then resinous Scots pinewood, hut in Germany even 
spruce wood is sometimes used. Among broad leaved trees 
beech is used most commonly, and largely so when shod with 
steel, as stamping hammers for pounding minerals. 
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B. Dankelnaaiin gives the following data as regards the use'* 
of various woods for ])it-props ; oak, greatest strength and" 
durability, hut too dear; beech stands pressure, but has low 
transverse strength, not durable; impregnated sprucewood 
is better than pine wood owing to its inore suita))le shape 
pine has greater strength and (lura))ility, hut had shape; 
robinia is equal to oak, laii dear. ] i<h^ p. lOb, where the 
latest Ph'enc'h tests for 2>it -props are, given. 

With the exception of beams used vertically, dovetailed 
together in shafts, hidder-wo()d, and some oilier jiieces, wood 
for mines is n^juired chielly in round logs fr( 3 e from hark. 
Ihfroreni forms also of Ra.wn wood are in <iemand for lining 
shafts, generally in the form of inferior ('(mih'rous boards and 
planks. Wood may he supplied in fulMengthed logs, which 
the mining carpenter reduces to the reipiired dimensions: or in 
the form of pit-props, in which the child hulk of mining timber 
is coiniirised, and wliich vary from tlirei' (o eight inc-hes in 
mid-diameter (not less than M inches at the smaller end), and 
12 to 110 feet long, and vvvn longer. Only about 15 to 20 per 
cent, of the mining-projis are required in pi(*ces measuring 12 
to It) inches, mid-diameter. 

[Scots pine will yield pit-])roi)s when \{) > ears old, and birch 
at 25 years, and for British coahmmes ov(‘r titUkOOO tons of 
Cluster pine are im])orted annually from Bord(‘aux, where 
this tree is grown and tapped for resin in the extensive forests 
of the Landes ami (iiroiide. This gives about 1 ton of wood 
for 110 tnns of coal, tlie wood costing about 15,- a ton.— Tr.] 
ood is put to some other uses where it is sulqect to similar 
conditions as wood used in mines : for instance, well-frames, 
for which purpose resinous coniferous wood, es])ecially that of 
larch, })]ack pme, and Scots pine are suiiahh^ ; also in cellars, 
for bottle-racks. for which oak wood, good i)inew ood (or iron) 
are chieHy used. 

Section 1\. — Wood ised in contact with Water. 

1 , JBHihfetiy ctr. 

Wood used in watercourses and bridges is under very much , 
the same circumstances as wood in contact with the gronnd^^ 
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Except tljat it maj’ be partly or entirely under water. All 
wooden bridges and works used in connection with tbein for 
strengthening the banks of watercourses, shiiees, weirs, booms 
and other timber-catching apparatus on streams used for Heat- 
ing, require pie(*-es of many different shapes. Although iron 
bridges are now* becoming usual even across narrow streams, 
and to a large extent roads are replacing water-carriage for 
timber, yet tlu^ imjioriance of canals for cheap traffic of heavy 
goods is b('ing ftdt more and more, so that very large (piaii- 
tities of liniher are reipiired in hydraulic engineering. 

Bridges are hoarded usually with heeeh, which gives a 
smoother surface and is less liabh' to splinter than oak or 
coniferous wood, but (be consid('ra))le amount of warping and 
' shrinking of beocliwood must l)e allow(5d for. 

Timber thus use.d is e\]iosed greatly to d('cay, so that oak- 
wood and rt'sinous liearhvood of larcli aaid Scots ])ine are 
employed g('ncrally for tliese ])urp()ses. In the case of works 
for rioating tjml»er, it would he liigldy advantageous wen; the 
best wood used, hut owing io its ahundance in mountainous 
districts, and to the great cost of oa.k and lurch, sprucew'ood 
usually is employed, although its durahility is small. 

Water-w heels also, for ilounnills, sawmills and mills for other 
purposes, should be mad(‘ of oakwood.but are made usually of 
the wood of Scots pine, larch or even spruce. Tlui axle of a 
water-wheel must be thoroughly sound and free from tlaws; it 
is seldom more than 18 feet long, and is made usually of the 
wood of oak, larch, Scots spruce or ev«*n beech. The 

diameter of the axle does not depend entirely on the si/e of 
the wdieel, and the amount of the work to he done, hut also 
according as the spokes of the wheels are dovetailed into the 
axle, or fastened to it tangentially. 

Iron wheel-axles rest on beech or honiheam hearings, wljich 
are supported by a strong framework of oak, Scots pine, 
larch, etc. 

2. Faseines, 

Fascines are often used to support hanks, a fascine being a 
bundle of young stool-shoots of different species and dimen- 
^ons. Their usual length is 10 feet to 12 feet, the height to 
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which the coppice grows, and they should measure uienes 
in diameter at the larger end. Fascines are us(id transversely , 
to the hank of the stream : long thin fascines, made of the 
finest iivailahle nmterial, only 5 or 0 inches thick, but 24 to 50 i 
feet long, which are hound with withes at intervals of ten 
inches Ixdng pegged down over them. Another kind of fascine 
is 12 to 20 feet long and 24 to dO indues across, filled with 
heavy stones, and sunk alongside the hank in deeper water 
where the stream is strong. (^Inick-growing trees and shrubs 
with live lo six years’ rohition, especially willows,"^ are used 
foi' fascim s ; also buckthorn, (‘uonymus, viburnum, privet, 
alder, elder, ha/.el, poplars, ash and thoi ns. 

Thu, l)est time for felling coppice for fascim^s is in ^farch, 
just before th(‘ spring-shoots come out. This is satisfactory, 
alike to the engineer and the forester, as the former gets the 
material when it is richest in sa.}) and iliortdore heaviest, 
^^hilst th(i luit«‘r cuts the coj)pice just before sj>routing, which < 
secures a good reproduction from the stools. 

For wattle-fenc(‘s, diick-d<'Coys, etc., osier-villows yield the 
])est material. 

Section V. — Wood used in ^Lvchinekv. 

Iron and steel are fast replacing wood in machinery; it 
is only in j)iirely agricultural districts that any machines 
are made wholly of wood. It is therefore only parts of 
machinery, chiefly the franuswork, hearings and fixings of 
heavy machiiU'ry, that are made of wockI. Wood is used 
chieHy in sawmills, tlourmills, etc., and in machinery for 
driving wooden stam]ung-hamm(*rs. Fveii in large factories, 
however, wood is still recjuired : tliis is generally wood of 
dense structure, which resists shocks and friction. 

In all works driven by water-power, the waha-wheel is the 
most important implement and has been referred to already. 
In extensive plains, sails of windmills replace the water- 
wheel ; they are made always of coniferous wood, chiefly of 
Scots pinewood of best quality, such as is required for masts 
of ships and are sometimes very large. Pieces should 
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tail-off at the small end. Steam-power is however replacinjOf 
wind-power to a great extent. 

As regards the demands for wood for the interior of factories 
the following short remarks will he made: — 

All wheels are made of iron, hut hornheam and dogwood are 
used sometimeB for cogs. In Bawmills, the supports of the 
saw and the bed are made chieily of coniferous wood, the 
rollers of the latter are of wood of hornheam, elm or oak. In 
flour-niills, except the wheels, most of the fittings, such as the 
hoppers and meal-hins are made of coniferous wood. 'Fho 
cane in which tlie mill-stones work slionld he of Scots pine- 
xvood as free from resin as possible, or of silver-lir woi^d. All 
parts of the mill where friction is exerted should he of iK'ech 
or hornbeam. In oil-mills and stamping-works, hard hroad- 
leav(‘d \V{jod, .^uch as Unit of beech, liornheam, oak and ash, 
is requir'd rather than coniferous wood, and also for i)Ounding 
troughs in oil, tan. powder and hone-mills. 

Stamping-liammers are now made usually of iron, but in 
mountainous forest districts, many are still of wood bound 
with iron, and large quantities of beech, birch or horaboain 
lois are used for them, in round pieces 8 to 10 inches in 
diameUir and G to H feet long. These pieces (d’ton require 
replacing (> to 8 times in a year. They come constantly in 
contact with the glowing mass of iron below them, on which 
w-ater is poured, which causes tliom to crack in all directions 
and wear out rapidly. 

The anvil-stock below the hammers is made of an oak log 
at least B feet in diameter and i> feet long, which is ]) 0 iind 
with iron and let firmly into the ground. 

AVood is used largely in all factories for frame-work, work- 
tables, floors, etc., and after coniferous wood, beechwoud in 
thick jilanks and scantling is employed chiefly. 

Section VI. — Building of Ships and Boats. 

1. General Aaount. 

In no industry has wood of recent years been replaced more 
largely by iron than in shipbuilding. It is chiefly the larger 
men-of-war, steamers, and sailing ships which are built of 



iron. Iron ships are most resisting to storms, oi iMger^| 
burden, easier to repair and more durable than wooden ships. ;;;| 
As regards the shape, there is a considerable difference 
between ships intended for the sea, and fresh- water barges: j 
the former arc comparatively short compared with t eir 
breadth, with keels which run straight from end to end of the 
ship; whilst all the other lines are of various degrees of 
curvature. This curved shape is given to ships by means o , 
rilw, which are made partly by joining different pieces of wood, 
but also by using curved pieces. 

Fresh-water barges have no keels, but a broad flat bottom 
on which the knee-pieces are fastened at a sharp angle, so 
that the straight line is much more frequent in their construc- 
tion than in that of ships. The chief strength in ships consists 
in the ribs, which are very close together, the outer planking 
being less important ; in barges the ribs are much further 
apart, and the planking is of greater importance. 

The demands on wood for building ships and boats depends 
on the species of wood, its quality, shape and strength. 

2. Specks and Qiudity. 

The wood of teak {Tcctona grandis) is used chiefly in ship- 
building. The preference given to it is due to its large 
dimensions, its great durability, its being only slightly subject 
to warp, a matter of great importance owing to the varying 
degrees of insolation and humidity to which a ship is subject ; 
teak-wood also is not nft'ected by contact with iron, so that 
there is no rust such as the tannin in oakwood causes, winch 
loosens bolts fastening iron plates to oaken ribs of ships. 
Next to teakwood comes oakwood, which must be durable and 
strong. Only heartwood is used, and with broad uniform 
annual sones, but not broader than 6 mm. (4 to an inch) ; it 
• ^ould be of uniform colour and with a fresh scent of tannin. 

It is uncertain whether the pedunculate or sessile oak yields 
ihe best wood for shipbuilding, but most ships are built ol 
pedunculate oak. For the Austrian navy, the wood of thd 
pubescent oak is preferred for-ribs; in Norway, sessUe oak is 
useii chiefly. The best oak for shipbuilding is that grown 
on rich, soil and in a warm climate, even the coasts of tW 
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Adriatic Sea, Istria, Carinthia and Steiermark yield excellent 
oakwood, while Slavonic, Polish and Spessart oak is less 
valuable for shipbuilding. In Britain, that from the south 
and west of England and from France is most prized. In 
N. America, Querciis alha; in Japan, the evergreen oaks Q, 
crispula and Q. glandidifera are used for ships. In Europe, 
pitch-pine wood and that of species of Eucalyptus also are 
used ; for barges, conifers, especially larch and pines. 

[Jarrah {Eticalyjdas marginata) resists the teredo, it weighs 
about 00 lbs. to the cubic foot, being about the same density as 
teak. It is less iiifiaiumable than other woods and resists corro- 
sion by iron, is not subject to dry rot and has not been known 
for the last eighty years to show signs of decay. It might 
thus be used as a substitute for teak, in shipbuilding. — Tr.] 
Next to oakwood, wood of the Scots pine or red-deal is 
used largely in shipbuilding, chiefly for masts and rudders. 
This timber varies in quality much more than oakwood, and 
the best qualities of red-deal are strongly resinous and have 
narrow annual zones. 

All wood for masts and rudders should be straight and 
cylindrical, free from knots, elastic and uniformly resinous 
througiiout. The sapwood, which is always trimmed-off, 
should be narrow, being only J to ^ of the diameter in the 
best woods. Tlie large masts taken from the Hauptsmoor 
Forest near Bamberg have frequently only 1 to 2 centimeters 
(f to I of an inch) of sapwood, and even this full of 
turpentine. Too highly resinous woods are not esteemed, as 
they are less elastic and strong. At the same time, the annual 
rings should not be too narrow, and experience proves that a 
breadth of ring of 0*75 to 2*00 mm. to of an inch), 
provided it is continued uniformly to old age, characterises 
ihe best sort of mast-wood. As regards colour, Scots pine- 
i ^ood, of clean, bright, uniformly yellow colour, is preferred. , 
The best red-deal comes from the north, especially the 
I Baltic coasts, also from Scotland and Norway. The best mast- 
^ood comes from Eiga, and is superior to all other rnastwoed 
in elasticity, strength and durability. Hardly any mastwood 
the old excellent quality is now to be had, owing to the 
Prevalence of even-aged woods with forced growth. 

r y 2 
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Laroh'wood from high latitudes, or altitudes, comes next to 
the Scots-pino as mastwood, and this species is used largely 
for masts in the Ilussian navy, where the northern I ral 
mountains yield splendid larch -limber. Spruce and sUver-Or 
yield only inferior mastwood, their timber not being strong 
enough for the purpose. In the Austrian mercantile navy, 
however, sprucewood from Carinthia and other provinces is 
largely used for masts. Siu’uce masts also are used largely 
for sailing-boats on most of the German rivers. [I’kea 
OihoHm was used in Venice for masts.— Ir.] 

American and Australian conifers also are used for masts, 
such as the IX.uglas-tir, Canadian Weymoulb-pine, Kauri 
(Dammara auntralu) of New Zealand, all of which come to 
European docltyards in increasing quantities. 

For the inner lining of ships, besides the woods already 
mentioned, of which teak, oak, larch, and Scots-pine are used 
largely for deck-planking, many other inferior species are 
employed. Injected bceehwood is used sometimes, not only 
for keels, but for the whole framework of ships on the Dalma- 
tian coast ; the wood of elm, maple, lime, etc. ; as well as 
ornamental woods such as mahogany, walnut, biids-eye 
maple, etc., are used in fitting-up cabins, saloons, etc.; 
guaiacum-wood and boxwood are used for models and pulleys. 

[Herring boats in Scotland are made of larchwood, and so 
are many English barges. Cedrela-wood is used for river 
boats, as well as spruce, oak and ash.— Tr.] 

3. Permissihlf Di'JecIs. 

All wood used for shipbuilding cannot be free entirely from 
defects, for if that wore the case, sullicient wood would not be 
jbtainable from a large forest district to make a single ship, 
as old oakwood is seldom perfectly sound. Wood which, 
avring to its dimensions, is ranked as first-class, may have 
small local defects which do not weaken the balks. Brown 
spots and rings at the larger end of a balk, provided they 
do- not penetrate far into the wood, and may be removed 
by shortening ihe balk, need not cause it to be rejected. 
WhMe sm^U patches of red or white rot and other similar 

soil and in are dried thoroughly and are not expected 
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to extend any fufther, the decision of the admissibility of the 
affected wood most he left to an export. Large heart-shalses, 
frost-cracks, twisted fibre, deop-going black ami brown marks 
rotten places descending from branches, are defects, which 
naturally exclude the timber possessing them from use m 
Bliipbuilding. 

4. Shape aud lyuncimious. 

All shipbuilding timber is either wood fur construction, or 
for masts or spars. 

(a) Timber used in Construction. — This comprises curved 

and long wood. . . , i. 

Curved or compass timber is used chiefly in the framework 



Fig. 332 .— Ktiee-picfe. t'ig- 3.31.~('iirvature one 

third from end. 


of ships. As a rule, the curvature should be uniform through- 
out the piece (Fig. 330) , or greatest at one-third f ’ - one of its 

ends, and when this is one-third the distaiif , om its larger 
end (Fig. 331), the piece is most valual;? '' tiome of these 
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pieces are 30 to 40 feet long. Curved woods are required 
chiefly which have a sagitta or camber of 2*5 and 1*5 centi** 
meters per meter {Lc. and exceeded 

in certain pieces as in Fig. 332. The beams used for sup- 
porting the deck are much less curved. 

Wood is now bent artificially for .shipbuilding, as in certain 
factories in Hungary, but probably it is then weaker than 
naturally curved wood. 

Kneed timber is formed where a bough parts from the 
parent stem as in Fig. 833. The branch should accord in its 
dimensions with the stem, and not be 
too small when compared with the 
latter. 

The chief use of knee-pieces is ir 
the construction of river-barges ; wooc 
of smaller size is then required thar 
for shipbuilding, and in that case the 
arm Fig. 333, is much longer than 
h, whilst for ships it is only twice as 
long. In North Germany, where oak 
is scarce, large, branchy Scots-pines 
are used for knees, which otherwise 
would be fit only for firewood. Such 
knees last 10 years in barges. Beech- 
wood also may be so used in the interior of vessels. In Saxony 
use is made of the lower part of a spruce stem with a strong 
root attached ; this may be 15 to 20 feet long, and 7 to IQ^ 
inches thick. 

It is difficult to give the proper dimensions for compassi^J 
timber used in shipbuilding, but the longer and thicker, the^ 
more valuable they are ; no sapwood is included ; 10 inches 
diameter, and 15 to 20 feet length, represent the minimum, 
dimensions. When used for barges and boats the diameter 
of knee-pieces may go down to 4 inches. 

Long, straight pieces of timber are used for keels, but ark 
sawn chiefly into planks for the inner, or outer, casing ofj 
vessels, and even larger sizes are retiuired than for com- 
pastf-timber : lengths below 24 to 30 feet, and a diamet^ 
pf less than a foot at the smaller end, are not permissibly 
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(b) Mast- and Spar-Wood. — ^Wood for masts, booms, and 
spars should be perfectly straight, as cylindrical as possible, 
and when required for large ships, of the largest possible 
mensions. First-class masts musl measure, free from sap- 
ood, at least (iO to 80 feet in length and be 16 to 20 inches 
I diameter at the small end; formerly such masts were 
rocurable in Hauptsmoor, near Bamberg. Almost exclusively 
miferous wood was used for masts, but the use of such wood 
! th(! largest dimensions has Ixie.n replaced by that of hollow 
*el masts. Smaller spars still are required which are ol 
imensions within the powers ol most forests to supply. 

r>. Su-iiphi i‘f 'iimherfor Shi2>huildiiip. 

The supply of oak-timber from German forests is only small. 
Tie system of coppice-with-standards is better adapted for the 
upply ol oak-limber for shipbuilding than the even-aged 
yHieius, juicl thus Fvhiicb, whoro tliis syslcn'i is voi}' preva- 
ent, produces largo quantities of suitable oakwood. Most of 
be timbers used in shipbuilding are compaBS-timbors, which 
ire much more abundant in uneven-aged wood, and even in 
ledgei'ow trees, than in even-aged high-forest. The wood of 
jtandards in coppice is also harder, and of better quality for 
ihe purpose, growing as they do, isolated or in groups, with 
plenty of room both for their roots and crowns. 

As'regards nmstwood the opposite conditions prevail ; slow, 
uniform, and prolonged growth are required, and the kees 
must be grown close until they have attained their full height, 
in a uniformly moist soil, a situation sheltered from storms, 
and a cold climate, such as the Baltic Provinces. Only 
individual trees in such woods will aiUiiu sufticient dimensions 
for the largest masts, and on them great care and attention 
must be bestowed. 


SncTioK YIL—JoiNERy and Cabinet-making. 

Joiners and cabinet-makers use large quantities of wood, 
which is usually the only material they employ. These 
industries l>ave become hitrhlv specialised, and there are all 



grades of artisans employed—the joiner, the cabinet-maker, 
the wood-carver, model-maker, and tool-maker. 

1. Joiner if. 

The joiner constructs the inner liitiiigs and tinishing of 
houses, such as the iloors, doors, ^Yindow-case8, wainscoting, 
staircases, etc. The material he uses is chietiy sawn timber, 
planks, boards and scantling. He does not work usually with 
roughly-sawn material, but with planed material, which is 
sold by the wood-merchants ready for use, and often with the 
requisite mouldings. Thus much labour is spared which 
would cost more if executed by a joiner than when made by 
special macliinery. Hardly any wood in the round, or 
rouglily-sawn wood, is used by the joiner. 

The wood used is chietiy coniferous, and broadloaved wood 
to a less degree. Boards, planks, Jind upright pieces are 
chietiy of spruce and Scots-pine, and after this, of silver-fir, 
larch, or Wey mouth-pine. Owing to its white colour spruce 
is preferred for flooring. 8ilver-lir turns grey and splinters 
more readily than spruce. Pines and larch are darker 
coloured but more durable than spruce. For wainscoting, 
Cembran pine and landi yield excellent wood. The joiner 
always prefers fine-zoned coniferous wood, free from knots, 
from cool mountain regions or from the north, to coarser 
material, except in cheaply run-up buildings. Amongst 
broadleaved woods oakwood is preferred, and is used exten- 
sively for parquetry floors, for which the blocks are prepared 
specially by machinery. It is also used in short, flat, planed 
pieces, only wood of large trees without knots being employed, 
as the sapwood is rejected. Oakwood is less frequently used 
for friezes, door- and wall-panels. Oak panelling made of 
wood showing the silver grain is used in dining-halls, staircases, 
churches and other public edifices. . : 

Fine mosaic parquetry floors are made of woods III 
different colours, such as oak, walnut, birch, teak, etc., and 
cut in different ways as regards the grain. Some of the 
woods used are coloured by strong acids, others preserve their 
j natural tints. Oak also is used for staircases, and so is 
beech wood, and often ash is turned for banisters. Beechwood 
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also is used similarly, but is inferior to oakwood m texture 
capability of being polished and resistance to moisture and dry 
ness. Pitch-pine wood also is used, being very hard and resinoui 
also the wood of Douglas-fir. All these pieces are longitudina 
sections cut between the tangential and radial directions. 


2. Cahinet-inaking, 


Furniture is made nowadays more in factories than bj 
individual makers. It makes a greater demand on the quality 
and variety of the wood used than joiners’ work, and equah 
it in the quantity of wood used. 

Sawn timber is used in the form of planks and scantling 
and round w’^ood of all dimensions. Veneer of finely-marked 
wood is used frequently to face coarser material, and its use is 
justified by the fact that these thin strips of w^ood do noi 
crack, as is always more or less the case with solid woodwork, 
Only the more valuable hardw'oods are used in the round bj 
the cabinet-maker. 


All kinds of wood are used, and for coarser furniture, 
kitchens, cupboards, school-benches, frames, chests, cheap 
coffins, etc., coniferous woods, olmwood and soft broadleaved 
woods are used. The inner part of other furniture is made of 
these woods and then veneer glued on to it, or they may be 
covered with upholstery. Oakwood often is used for the inner 
part of the better kind of veneered furniture. 

Solid furniture is made of broadleaved species, such as oak, 
walnut, cherry, birch, maple, ash, elm, etc. There is, how- 
ever, a limit to the construction of solid wood furniture owing 
to its weight. Beechwood is used largely wherever friction 
‘ and wear-and-tear will be considerable, as in work-tables, 
chairs, wedges, etc. Often it is used stained in various tints 
to imitate more valuable woods. r- 

^ The cabinet-maker selects his material for its fta© colour, 
L texture, freedom from knots, ease in working, capability 
of being polished, and for being little liable to warp or crack*,' 
Finely marked and wavy woods are esteemed. t 

In order to reduce warping and shrinkage as much aA 
possible, the cabinet-maker uses only thoroughly seasoue|^ 
, wood ; he does not care for the most durable wood/but nref^ 
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l^ood which is easily worked, with, or against, the grain. He 
therefore means quite a different kind of oakwood from that 
esteemed by the ship-builder when he speaks of good oakwood, 
and prefers that of the sessile to the pedunculate oak. The 
best cabinet-maker’s oakwood comes from Russia, the Spessart, 
the Pfalz, the Silesian mountains, from French high forests, 
and generally from mountain districts with a slow rate of 
growth ; on account of its lower density it is less liable to 
shrinkage. Slavonian oak and that from coppice-with- 
standards is much less prized. 

Beechwood would be prized much more highly for furni- 
ture, on account of its dense uniform texture, were it more 
frequently obtainable from middling sized trees in quarter- 
balks from which the core of the tree has been excluded. 
Such wood is excellent material for working up, and is now 
being used extensively for bent- wood * furniture. 

Thoroughly sound beech stem-wood free from knots is used 
for bent- wood furniture, and young wood is preferred to old. 
Even large pieces may be bent easily, and the bending 
dispenses with sharp corners, dovetailing and glueing, the 
pieces merely being bent and screwed together. The wood is 
felled in summer and sawn into rectangular pieces G to 10 feet 
long and IJ to 2 inches in diameter, which give a waste of 60 
to 70 per cent. 

Veneers of maple, walnut, and less frequently of beech, are 
glued together and made into the seats of chairs. These 
are being used in increasing numbers. 

Amongst softwoods of broadleaved species, planks, of poplar- 
wood are used chiedy under veneer ; that of the black poplar 
or of the Canadian (Italian) poplar is preferred, the wood of 
the white poplar being very subject to cup-shake. The 
greenish-yellow* wood of the Wip tree, Lirwdendron hdipi^ 
femm, known as poplar-wood, or whitewood, is exported 
extensively in large balks from America to Europe to serve as 
hacking for veneer.' These woods are of very uniform texture, 
and the spring- wood does not shrink so much as in other 
’woods, causing the summer-wood to project beyond it and 

♦ See an excellent article by Exner on bemling wood, in the Centralblatt fttr 
Forstweaen. lt^76. 
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giving the veneer, which is glued outside tuo pitjue or 
furniture, a wavy surface. 

tl. A't'iistie and Ftmctf Ware. 

The manufacture of artistic and fancy ware forms a branchy 
of cabinet-making, and is used in the finer pieces of furniture,^ 
picture-frames, clock-cases, etc. ; according to the present 
fashion (old German, Italian llonaissance, Rococo styles, etc.) 
it^ is accompanied more or biss by artistic carving^ inlaying 
with metals, mosaic work, etc. 

Walnut, oak, fruit-trees, maples, birch and coniferous wood 
are used, partly solid and partly veneered. 

Many exotic woods are used, especially mahogany and ^ 
foreign walnut, maple and ash-burrs; also ebony, rosewood, 
satinwood, olive-wood, violet-wood, thuya, junipor'and cyi^ress 
wood, teak and pitch - 2 >ino. 

^ Wooden framtw for mirrors and pictures, wliich are made 
in Saxon and Bavarian factories and also by individual hand- 
work, are chiefly of couifei-ous wood, but also of oak and 
ash. 

4. Mod<d~ making. 

All models used for cast-metal works, of inachines, imple- 
ments, etc., are made cliielly of coniferous planks and 
scantling of the best (piality, but also of lime, ma])le, alder, 
ash, pear and heechwood. The model-maker is a real artist 
in his line. 

5. Wood for Tonis and Jmjdements. 

Plane-boxes, tiuning-lathes, presses, joiners’ benches, 
mangles, handles of tools, etc., are made cliiefly of beech 
hornbeam, oak and ash. The framework of agidcultural 
implements also uses up much coniferous wood, as well as the 
ibove species. 

6. Miscdlaneom Ooods^ 

Many other industries may be added, which are also 
branches of cabinet-making, such as the manufacture of 
Mlliard-tables, boxes, sword-sheaths, and articles used in 
Jwries and cheese-making establishments. 
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Section YIII. — Misckllaneous Uses of Wood. 

A very large quantity of wood is consumed in making 
packing-oases, for which coniferous wood of middling or 
inferior quality, and side-pieces and other waste timber are 
used, especially when the cases are fastened together by bands 
of zinc or iron. Casks used for packing also are made of 
inferior coniferous w'ood. Better and more durable classes of 
packing-cases are, however, coming more and more into use, 
beech being employed largely. 

For small boxes used for packing fancy goods, soap and other 
small articles, wood of conifers, poplar, aspen and lime are 
used, cut like veneers with special saws, or even a whole 
round block of wood is revolved against a sharp fixed blade, 
and converted into a sheet of w'ood for this purpose. In 
France, light wood such as aspen is thus used to reduce as 
much as possible the gross weight of the goods. Wood-pulp 
and tin are used frequently instead of wood. 

German cigar-boxes are made usually of alderwood, and 
the pieces without bark should be \) inches to 1 foot in 
diameter and free from knots ; they are sawn into planks, 
and the latter 1 ‘educed to thin boards by the circular saw. It 
is a pity that there is not more good alderwood available. 

The wood of the West Indian cedar {Calrchi odoraidy L.), 
allied to mahogany, is imported in large balks, not only for 
boxes for the best cigurs, but also for inferior ones, especially 
in N. Germany, and this in spite of freights and import duty. 
Attempts to use the w^ood of poplar and lime for boxes for 
cheap cigars, and especially stained beechwood, have failed, 
owing to the warping of tlie w'ood. Cigars are pressed into a 
good sliape in presses made below of beechwood and above of 
spruce, the groove and presses being of beech and hornbeam. 
Entire stems of beech are used for this purj) 08 e at llanau, 
Bremen, and Worth-am-Main, but this industry lias lately 
suffered from American competition. 

A very large quantity of wood is used annually in the 
numerous pianoforte-factories, which in Germany alone in 
1899 turned out about 105,000 pianos, worth 1:2,000,000, In 
qpiano-making all kinds of sawn wood (oak, beech, walnut, 



. niaple, lime ^-^^, 10 , 1 , oi*.; are usea, out the trood foi 
sounding-boards is of a special kind. For this only coniferous 
! wood is used, chiefly spruce, more rarely silver-fir. 

The simple anatomical construction of sprucewood and the 
absence of vessels, the extremely fine, evenly distributed 
medullary rays, the straight and long-fibred nature of the 
wwd, and above all its uniform structure, render it most suit- 
able of all woods for reverberating pure tones. Such wood 
must have narrow and uniform annual zones, must have no 
knots, contain little resin, be straight-fibred and of low 
specific gravity, 0-40 to 0-45. The best wood for musical 
instruments should have zones between 1-5 and 2 mm. and 
the summer-wood i to }, of the zone. Trees producing such 
wo^ grow in mountain-regions at altitudes between 2,500 
and 4,500 feet above sea-level, on cool and not too fertile 
localities. They are p-owii generally in selection forests, 
where the trees get little room for development, until they 
are middle-aged, but more room as old trees. 

Bubenbach in the Sehwartzenberg property, the ranges of 
iufiet, Neutal and Schattawa in the Bblimerwald, also the 
Bavarian forest, in the St. Oswald, Mantb, and other ranges, 
the Bavarian Alps, ranges of Fischert and Trumenstadt, Ld 
the hrench Jura and Alps are renowned for the production of 
this wood, also Lemberg in Galicia, and North America. The 
rees are sawn into quarters, and then along the radius, into 
planks 3 inch thick ; they are seasoned, planed, and sorted 
according to their tones. Recently, attempts have been made 
to produce such wood arUficially by glueing together thin 
veneers of wood by means of turpentine, shellac, gum, etc., 
and pressing it mto planks. ^ 

Straight-grained beechwood in planks inches thick is ■ 
used iMgely for pianos, being cut along the radius, which ' 
prevents it warpmg as much as ordinary beechwood 

Many foreign woods are used for piano-cases-mahoganv 
^encan wahiut and maple, padauk, satinwood, eto* «bonT 
for keys, and Florida-bedar for the hammers. Woods sitniiaf 
to those in use for pianos are also employed for harmoniums 
ana organs. 

Venetian blinds and shutters use up much Ught wood* 



Ispecially spruce and silver-fir. Wood of similar quality to 
that used for sounding-boards is used for the better sorts of 
blinds, much of it coming from old silver-firs in Bavaria. 

Cornices of all kinds may be mentioned here, for which the 
best split coniferous wood is used. 


Section IX.—Wood used by the Wheelwright. 

The wheelwright, besides carts, also makes a number of 
articles used in agricultural work, and comes in this respect 
next to the blacksmith as an indis- 
pensable village artisan ; usually he 
obtains his wood directly from the 
forest. Wheelwrights’ wood should 
be even-grained, long-fibred, tough 
and dense, and free from knots and 
all patches of decay. 

The chief industry of the wheel- 
wright is the construction of carts 
and waggons, the principal parts of 
which are the wheels, axles and 
shafts. 

The wheels consist of the nave, 
spokes, felloes and tires. 

The nave or hub is made gene- 
rally of oak, elm or ash, and in the 
case of carriages, of walnut, or, 
more recently, of plane- wood. The 
wood should be hard and dense to 
prevent the loosening of the s|X)kes, 
which are mortised into the nave. 

[It is said that wych-elmwood is 
tougher, finer-grained, and more easily bent than common elm- 
.wbod ; both woods are largely used for naves and felloes. — Tr.] 

The which are mortised together in a circle, are 

paade generally of split wood of elm, beech, birch, ash or 
robinia, elm being best for the purpose. The wood should, 
if possible, be curved naturally, and as the pieces are only 

* Fernandc*, “TJtilization of Foreate,” p. 54. 



Fig. 336. — Mode of cutting out 
feUoes. (After Fcrnandey..*) 
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about 2 feet long, there is generally little difficulty in getting 
nearly the suitable curve, the wood being then cut into shape 
with a hand- saw. 

There is a large export of felloes from forests, and in 
Germany they are usually sawn out of split pieces, with their 
flat sides parallel to the annual rings (Fig. 386), which 
enables them best to sup})ort the pressure of the spokes with- 
out warping. Where felloes are sawn out of ordinary planks 
3 to 6 inches tliick, they are much weaker than those made 
as above. A bent rim sometimes is used for the wheels of 
light carriages, being made of one piece of steamed split- 
wood; larch, ash, oak, beech, birch, or hickory are employed. 

Spokes are made of cloven oak and ash, also of robinia, 
American oakwood or hickory. Wood thoroughly tough and 
strong, and not likely to shrink much in diy, hot weather, 
should be used. 

[Spokes vary greatly in size, the smallest being 2 to feet 
long by 2 to 2| inches by 1 to inches and tapering down 

to about h inch at the smaller end; these are used for 
omnibuses and coaches. Cartwheel spokes are heavier, but 
of about the same length. Large spokes 5 inches by 8 inches 
at the thicker end are made frequently. — Tr.] 

The princii)al piece of the body of a timber-cart is the pole, 
which is made of spirt oak, birch, or ash. The axles of the 
wheels are made usually of steel, or of strong oak or ash- 
wood, with steel ends on which the wlieels revolve. Carriage- 
poles are preferred of birch, but are made also of ash and 
oak ; and for shafts, ash is preferred to oak, the latter, when 
strong, being usually too heavy, whilst ash bends and yields 
better without breaking. The best shafts are of hickory or 
, lancewood {Guatteria ruhfaris). The size for shafts is 8 to 
10 feet by 2J to 4 inches square. 

The framework of carts and carriages must be made of 
well-seasoned wood, beech, ash and oak being used, the panels 
of carriages being of lime or poplar. 

Ploughs and harrows are made of heavy wood wuoievei 
‘ iron is not used in their construction, and crooked pieces of 
oak, ash and elm-wood are used. Teeth of harrows, if not of 
' iron, are made of horn beam- wood. 
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For sledges, generally oak' birch, elm, ash and beech are 
. used j their horns are made of the best beech, maple, or birch- 
wood. Wheelbarrows also require curved wood. 

Ladders consist of two uprights and the rungs, tlie former 
;made of coniferous wood, generally of a pole sawn in two, and 
the latter of cloven wood of oak, ash or robinia. Mangers 
have a similar construction to ladders, and are made of beech, 
elm, birch or oak. 

The manufacture of the handles of tools requires large quan- 
tities of wood, as handles of axes and hatchets, also handles 
of hammers, spades, scythes, hoes, thrashing Hails, etc. 

Tor axe-handles, split pieces of young beech saplings chiefly 
are used, as well as of hickory, ash, hornbeam, oak, juniper, 
and the service-tree. Oak, beech, or birch handles for scythes; 
for spades and hoes, hickory, ash, elm, robinia, oak and birch 
are used. Wooden hay-forks are of forked birch, ash, aspen or 
nettle- tree iCcUis ) ; wooden brakes for wheels, of beech or birch. 

In making all these articles the wheel wrigljt uses logs and 
butts of different dimensions, above all, poles of $ to 8 inches 
in diameter of oak, ash, elm and birch ; but all kinds of wood 
are used, chiefly cloven wood, from which the core and 
sapWood have been removed, as such material is less liable 
to warp or crack. Curved and bent wood is often of si^ecial 
value to the wheelwright, although frequently such pieces are 
made artificially. 

Elmwood affords excellent material for the wheelwright, 
sometimes that of the common elm and sometimes that of the 
wych-elm being preferred, but it is very difficult to work, 
and costs the artificer more labour and trouble than he often 
cares to bestow. Near the sea-coast much exotic wood, ready 
cut to size, is used by wheelwrights, especially American 
hickory (Hicoria) and oak (chiefly Qucrcus rirens). 

Butchers’ blocks use up much ash, as well as beech and 
oak, though elmw^ood is best for the purpose, if it can be 
obtained of suitable dimensions. Pieces of large diameter, 
and thoroughly sound, are required. Many hundred l>eech 
butchers’ blocks from the Spessart go down to the Hhine 
(^unually ; they are made often of 6 to 8 pieces of wood bound 
j^fcher by iron hoops. 
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The manufacture of railway-oarriages and trucks consunoLii 
enormous quantities of wood of high quality. The horizontal 
beam 8, underlying all passenger-carriages as well as goods- 
trucks, are made of squared oak timber. They lie between 
the iron girders supporting the carriage, and rest directly oni 
the axles. Broad -ringed ashwood is preferred for the uprights, 
these are dove-tailed into the horizontal beams and pieces, 
which unite with them to form the framework of the carriage, 
but sometimes oakw'ood is used. The flatly-curved roof- 
su 2 )portB are made of bent elm, ash, or Scots janewood. For 
roofing the long dining-cars and sleeping saloon-carriages, 60 
to 70 feet coniferous balks are used. All panels and the interior 
work are made of light woods, coniferous, pojfiar-wood, etc., 
also of sheet-iron, and, more recently,. in England, of jn-essed 
oakum made out of old ship-cables. The brakes are made of 
poplar, a8{)en or beech. 

In the frequently very luxurious passenger-carriages and 
sleeping-cars, valuable ornamental veneers are use4 in the 
internal fittings ; or exotic woods, such as teak, pitih-pine, 
American walnut, fine ash, maple or mahogany, in ^ solid 
form. ^ 

Even the iron goods- trucks require about 86 cubic fe« of 
ash and oak in the construction of each truck, and th\re 
are 800,000 goods-trucks on the German railway-lines alom, 
of which 85 per cent, are roofed. 


Section X. — Coopeks’ Work. 

The cooiier makes all kinds of open or closed wooden ’^^esselfl, 
to contain liquids and dry articles. A distinction bel 
made between casks intended to hold spirituous liq \ 
hold other fluids, or for dry goods, such as butter 
herrings, etc. Nowadays casks are made chiefly in iuy 

1. Cmks for Spirituous Liquors, 

The most important use for coopers’ timber, and that ; 
employs large quantities of the best kinds of wood, is th^f! 
tpimufacture of casks for q?irituoiw liquors, such as wme#l 



Wer or cider, etc. A f?ood cask should be as durable and 
strong as possible, in order to withstand the inevitable shocks 
and rough treatment to which it will be subjected during 
transport. It must possess the property of retaining its 
liquid contents, so that the latter does not escape in drops or 
vapour through the 
wood-pores. Hardly 
any wood hut oak- 
wood will fulfil all 
these conditions, and 
especially peduncu- 
late oakwood (zones 
not exceeding 0 mm.) 

(rom favourable 
localities, that is 
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Kig. The ilividoi, (After UopfK’.) 


superior to northern sessile oak for staves. The latter sliould 
be used in thiclcer staves to compensate for ils inferior density, 
and is used chiefly for large vats. 

In Italy, robinia-wood lias a good repute for staves, whilst 
sweet chestnut, Turkey and evergreen oaks are less valuable, 
Atiem[)ts have been made to utilise beeclnvood for wine and 



Fig. 338.-— Method of splitting wood for'cask staves. (After Eoppe.) 


^er-barrels, but without success. For spirit-casks, ash, 
robinia, and mountain ash-wood also are used. 

Casks are composed of side-staves, head-pieces and hoops, 
j The side -staves should be broadest at their centres and 
l|aper off towards their ends, in order to allow for the bulging 
casks; they should, however, be somewhat thick again 
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at their ends, as a notch has to be cut there to admit thef 
head-pieces. The two broadest staves are, that on which the 
cask rests, and the opposite one in which the bung is inserted. 



Fig. Stave-maker’s )>cneh with diviiier and mallet. (Aftei Jloppe.) 

The best wood is used for these two staves. From .three to 
five head-pieces are used at either end of a cask, being dove- 
tailed togetlier. The tops and bottoms of small casks are 

flat, but ill larger ones 
they are somewhat 
curved inwards, in 
order better to with- 
stand the pressure of 
the liquid inside. 

Wood for staves 
is cloven usually in 
the forest by special 
artificers, and 
straigh t-gr ained, light 
and sound wood, free 
Fig. 340. -The Shave. knots and other 

defectH, is employed. It must be strong, and yet pliable and 
easily cloven ; it is split with a special instrument, termed 
a divider (Fig. 887), in tlie radial direction, so that the silver* 
grain is visible on the broad surface of the slaves, as the wood^ 
is permeable in the direction at right angles to th» 
'Whether, or not, wine leaks out of casks appears to depei^ 
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fbn the size of the pores, for it finds its way into the anatomical 
wood-vessels and oozes out at the ends of the staves. 

In the preparation of staves, an oak stem is cut first into 
suitable lengths, which are tlien split in halves by means 
of a wedge. Each half-log is split further (Fig. ilBB) into 
three or four sectors ; after the core and sapwood have been 
removed, these are split tangentially into pieces as wide 
as the staves by means of the divider driven by a wooden 
mallet. These . pieces are fitted into a stave-maker’s 
bench, composed of the fork of a tree (Fig. B39) resting on 
three stakes driven into the ground : then they are split 
radially into staves, and trimmed smooth by means of the 
shave (Fig. 840). 

In Germany, the staves also are partly dressed into a 
curved shape with the adze, but in France they are bent into 
shape. The dimensions of the stave.s vary considerably, 
accorditig to the demands of the trade. The broadest pieces 
are recpiired for heading vats, and can he taken only from 
large trees, wliich soon will be extinct in Germany. The 
Polish staves, which are exported from North Germany to 
England, France, Spain, etc;, are classified as follows : — 


ChWH. 


IlciimrkH. 

Pipe-st.avtiS 

Ho«shea<l-stavt's 

Barrel-staves 

Head-pieces 

... j Ti fl. 2 m. to ft. 4 in. 

... 4 ft. 2 in. to 4 ft 4 in. 

... j 11 ft. 2 in. U) 3 ft. 4 in. 

... * 2 ft 2 in. to 2 ft. 4 in. 

pieces e(p]ivalent to 
two pipe-staves. 

2 pieces equivalent to 
one pi|)c-stave. 

4 pieces equivalent to 
one pipe-stave. 


There is a very large demand for staves for the wine and 
beer trades ; they are exported from the Baltic, Fiume and 
Trieste, and from North America. The best staves come from 
Croatia, Slavonia, Hungary, and Bosnia, which countries pro- 
duced about 26,000,000 staves in the two years 1891 and 
1892. The Bosnian staves are worked more easily, and there- 
lore are preferred to those from Slavonia. Oakwood from 
:thoBe countries is sound and heavy, and the markets for it 
Fiume and Trieste for France and England, and Vienna 



for Germany, the best staves going to France. These 
made as shown in Fig, 341, from the best oak trees measuring^^ 
(without sapwood) 22 inches in diameter. • ^ 

In the trade, the staves are sold in lots each sufficient 
make up into a cask of different dimensions, or for France, in 
hundreds. ^ 

The import of staves {Qverciis alba) from America is increas- 
ing steadily at Jlordeaux, Liveri>ool, Hamburg, etc., and is 
reducing the price of European wood. 



Fig, 341.— Staves shown in a cross-section of oak. 


The waste of wood in making staves varies from 30 to 5Q^ 
per cent. 

After rough staves have left the forest they require further 
trimming and shaping by the liand of the cooper, and must, 
be allowed to season in piles in the open for several years 
before they are fit to make serviceable casks. If, however^f^ 
they are steejied in water when quite green and then drie^- 
carefully, they may be made into casks two years after leavingr 


the forest. 

Machines are used in England for making casks, and 
^ latter are much more regular and of better appearance tha^i 
those made by hand : it is only questmnable /V^^^her 






|made of sawn staves are as durable as those made of split 
vones. In other countries machines are used no longer for 
fiask-raaking, as they do not exclude subsequent manual labour 
'in finishing the casks. It is stated that, in America, beer- 
barrels can be made of papier-machiS which material for 
some time has been used for oil-barrels. 


2. Slack Barrels. 

Slack Barrels are used for non-spirituous liquids, etc., such 
as those used for the transport of herrings and other sea-fish, 
for living animals, for oil, bathing- and water-tuha, malting- 
" vats, milk-pails and a number of other articles. 

Herring-barrels were made formerly of infeidor oakwood, 
but more recently of beech, birch, alder, red pine and aspen- 
wood. Large malting-vats, and other vats used in brewing, 
are made of oakwood. Oil and petroleum casks are made 
chiefiy of beech wood, but also of oak and chestnut- wood. 
Other slack barrels are made almost exclusively of coniferous 
wood, only smaller drinking- vessels being made of maple, 
pear and cherry-wood, or in preference, of juniper or Cembran 
pine wood, 

Jn splitting wood for staves for shick barrels methods are 
followed similar to those already described ; the staves, how- 
ever, are split usually along the annual rings, or made of good 
sawn material. Freedom from knots, and straight fibre, are 
here also the first conditions of suitability. 

3. Barrels for Dry Goods. 

Dry Qoods Barrels are employed for storing and transport 
of all kinds of wares, such as salt, colours, cement, gypsum, 
sugar, currants, figs, butter, lard, chemical preparations, etc., 
and are made usually of coniferous wood. Staves for these 
barrels are seldom split, but are usually sawn pieces, h inch 
thick, 2 to 5 inches broad and varying in length ; poles, 
4 to 4.J inches in diameter at height of chest are used. Small- 
abed beech logs are used in Hungary and North Germany for 
parrels to contain currants, flour, and butter. 

Barrels for dry goods are made chiefly in factories, and 



th^re are large factories at Miinden, Hanover, etc., for making ^ 
margarine barrels. Smaller barrela^re made of papier-mach^ 
Vfith wooden headings. 

4. Barrel-Hoops. 

Hoops for barrels are nowadays made increasingly of iron, ' 
but a large quantity of wooden hooping is still used. Coppice 
poles of oak, chestnut, birch and hazel and in America of 
hickory are used, also of willows for the smaller casks. They 
should be felled before the leaves are out. The coppice- shoots 
are cut with billhooks, trimmed of all twigs and knots, and 
then split in half. When green they can be bent easily 
to the requisite shape, but if dry, must be soaked first in water. 
In the case of slack barrels, the hoops are made chiefly of 
pieces of the stein of ash, spruce, or willow, 2 inches broad, 
and Jrd to jjrds of an inch thick. They are cut smooth with 
a knife, plunged into boiling water and bent over a round 
piece of wood. 

Section XI. — Sundry Uses of Split W^ood. 

Some other articles besides casks and barrels are made of 
split wood, or of wood treated in a somewhat similar manner. 

1. Shiiiffles for lioofimj or to Cover Walls. 

Shingles are used either for roofs, or to cover masonry 
or cement walls, which otherwise do not exclude atmospheric 
moisture sufficiently. The most durable shingles are made 
of oak or larch, but owing to the abundance of spruce and 
Soots pine, wood of these species chiefly is used, and less 
frequently silver-fir wood ; beech and aspen also are employed 
sometimes. The butts to be split must contain sound, light, 
and straight-grained wood without knots, and, therefore, chiefly 
the lower part of stems is employed. Wood of inferior grain, 

' and less fissile may, however, be split by means of machines. 

Shingles are prepared of very different sizes, according 
! to the manner in which they are to be used. Hoofs are covered 
i usually with ehingles three deep, Le,, only a third part of each 
V shingle beingexposed(Fig. 842), and such roofs are very durable ^ 
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^?aiid water-tight. Shingles used in this way are from 16 to 24 
inches long, 8 to 10 inches broad, and from J inch down to 
! j inch thick. In many countries they are so thin at one 
end as to be semi-transparent, especially in the case of larch 
shingles. Another kind of roofing (Legdiicher) is employed 
frequently in Alpine districts, the shingles being from 80 to 
40 inches long, and 8 to 12 inches broad. They overlap one 
another, and are fastened down by nailing split laths over 
them. In the case of tiled roofs, thin laths, 12 to 14 inches 
long and 2 to 8 
ipches broad, are 
placed wherever one 
tile is superposed over 
another. 

Shingles are s])lit 
radially from the 
butts, and the sectors 
thus obtained are 
continually split until 
pieces of the right 

dimensions have been 

1 ; I Kiff. Sri. — l’oMtion of Kliindos on a roof, 

secured ; they are ^ ^ 

then made smooth. As the central portion of the butts cannot 
be used for shingles, there is a loss of 35 to 40 per cent, of 
wood in making them, and even more. Machines have been 
invented for making shingles, that by Gangloff* being the 
best known ; thus a man and hoy can make 700 shingles 
in a day, and wood of inferior quality may be utilised. 
Shingles stained black or red, the better to resist the weather, 
are prepared in Sweden. Fireproof shingles also are employed. 
In America, Weymouth pine, thuya, juniper, taxodium, 
sequoia, sugar-pine and Douglas-fir are used. 

[In the Western Himalayas, deodar, and other conifers are 
used for shingles, the former wood being extremely durable. 

: — Tr.] 

2. Wood for Oars and Rudders. 

Large quantities of wood are used for making rudders and 
oars. Ashwood is best, but much oak and beechlklso are used. 

* Forot. u. Jagdxeaang, 1872, p. S12. 




le pieces used for the purpose are 6 to 15 feet long, 4 to SI 
nches broad at the flat end, and 2J inches to 8 inches square J 
fct the other end. . - < 

Large spars also, to stretch the large nets used by English > 
ishing-boats, may be included here. The wood used is in 
round or split pieces of slender ash-stems 24 to 30 feet long, 
ind 7 to 8 inches in diameter at the top. Oars for light river 
boats are made of split sprucewood of best quality. 


8. Broad npUt Pieces, 

Thin pieces of wood are used for making boxes, sheaths for 
swords or knives, by the bookbinder, jjhoemaker, etc.; they are 
chiefly of coniferous wood (spruce), but also wood of beech, 
aspen, and birch is used. They are split out of butts, or straight- 
fibred split billets. These pieces are made by planing-machines 
worked by water-power, the planes being fixed and the wood 
pushed against them. Sapwood of beech is split into slieathes 
for swords and hunting knives. 

Wood-Tapestry of the thickness of ordinary paper is used 
for coating the walls of rooms, up to three feet broad and 60 
to 100 feet long, it is prepared from the wood of all species of 
trees. This is obtained by supporting the butt on a special 
kind of turning-lathe, and revolving it against a blade which ; : 
is constantly pressed further for’wards as it peels off the peri- 
phery of the butt. The same machine may be used for making ; 
.:yeneer. 

h Straight-grained sprucewood also is split and used for 
making plaited wooden baskets, which are exported in large 
i; numl>ers from the Erzgebirge. The wood of aspen and lime 
> also is used similarly. In order to prepare the wood for this ; 
f purpose, it is soaked thoroughly in water and cut into bars, 

V which are split into thin pieces along each of the annual;^ 
^ ^ rings. These pieces are extremely flexible. 

Sprucewood is usedalso for sieve-frames and cheese-moul^^ | 
P the wood for which is separated from ordinary split billets wit^| 
; the cooper’s divider and afterwards planed with the 
■ instrument, ^hese pieces are made in different dimensional 
lentrth lieing measured in hands (4 inches) ; tl;ms 
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to pieces of 4, 6, 8, etc., up to 24 hands, the breadth varying 
with the length between 2J and 8 inches. Wood must be used 
green for this purpose, the preparation of the pieces and sub- 
sequent bending thus being facilitated. 

The pieces are then steamed and bent on simple frames, 
and tied into bundles of 10 to 15 pieces for sale. Wooden 
rings are made wider than the frames, but only Jrd of their 
height. The bottoms of the sieves are fixed between the 
frame and the ring. 

The sides of measures for fruit or dry goods, and of drums, 
<md other round articles, are split radially from billets of beech, 
sallow or oak, from which all defective heart wood and the 
younger zones of sapwood have been excluded. They are 
split with the divider, worked smooth on the cooper’s bench, 
steamed and bent around frames. They are then sorted, and 
sold in assortments like sieve-frames. Young stems* of ash 
also are used for this purpose, as well as for making tennis 
racquets. 

The band-box maker uses chiefly spruce and silver-fir wood, 
less frequently larch, sycamore, and sallow wood. Wood for, 
drums and for boxes shaped like drums to contain fruit, etc., 
are made of oak and beech, cut radially out of blocks. They 
are fastened by rings of split wood. Butts of straight-grained 
wood are cut into the proper lengths, and split into from 4 to 
6 billets; after these are thoroughly dried, they are split 
gradually by successive bisection into pieces of the required 
dimensions. 

Then the pieces are planed carefully, softened in boiling 
water, fastened over frames, and when thoroughly dried are 
fastened together by wooden bands. The bottoms and lids for 
each box are made in a similar manner. 

Oblong lucifer match-boxes are made chiefly at Jonkbping 
,of aspen-wood by means of machines, which cut out a piece 
large enough for a box, and press dents into the wood wherever 
a side has to be bent inwards. In the absence of aspen-woodi 
wood of lime or poplar is used in Germany for these boxes. 

Strainers for beer knd vinegar are made of hazel, and in its 
absence of hornbeam and beech. The wood is steeped in water 
it has lost its colour. 



4. Wood- Wool 

Wood-Wool may be mentioned here, which is made from 
even-grained wood, chiefly coniferous, though any si>ecies of 
wood may be used, in round pieces 1 to 2 feet long, and is 
used instead of hay, seaweed, etc., as packing material ; for 
stuffing chairs, and other furniture ; as stable litter ; for pre- 
serving ice, and in surgery, etc. Also it is made into ropes. 

Yilleroy, in Shram berg, compresses very fine wood-wool 
under high-pressure into a sort of papier-mache, which is very 
durable and is used for rules, carvings, ornaments, etc. 

5. Hound Pieces of Wood, 

Slender pieces of wood are used for making handles for 
paint-brushes and pens, flower* sticks, etc., also wooden thread 
for mayng lucifer-matches and other articles. Fissile straight- 
grained spruce wood is used for these purposes. The pieces 
used for paint-brush handles, penholders and flower-sticks are 
in section either round, semi-circular, oval, or quadrangular, 
and of various lengths up to 5 feet. They are prepared by 
machines from wood in the rough. Grasenau, in Bavaria, is 
one of the chief seats of this industry. 

[Beechwood is made similarly into round pieces from the 
, size of a pencil to that of a flag-staff, and also into conical 
spigots, at Yillers Cotterets, in France, square pieces being 
pushed through a system of revolving planes, and coming out 
round. — Tr.] 

; Wooden thread is now prepared on a large scale, either in 
Ground pieces of sprucewood 8 to 80 feet long, or in short 
pieces, used for lucifer-matches in Germany and Sweden, 
r. The round pieces, usually ^^ 2 ^^ thick, 

are made only from the finest grained sprucewood, and thus 
' the refuse of musical instrument wood may be utilised. 
;,;They used to be made by manual labour with Homer’s plane, 
I which, instead of an ordinary cutting blade, has a blade with 
f«a number of funnel-shaped grooves, each of which cuts-out a 
J cylindrical thread. After a layer of thread had been planed 
J ftway, the wood was planed smooth by means of an ordinary 
plane, and then a fresh layer of threads removed. 
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At present manual labour has been replaced by machinery 
constructed on the principle of Roiner’s plane. The threads 
are then woven with stout twine into blinds, floor-coverings, 
table-covers, etc., and in tropical countries are specially 
useful for chicks, which, hanging before doors and windows, 
allow sufficient ventilation, while excluding the glare of sun- 
light and insects. 

The short pieces used for lucifer- matches are made from 
the most various woods, especially those of spruce, Scots pine, 
silver-lir and aspen. They are prepared in factories according 
to three different methods. The oldest method, and that still 
most usual in CTeniiany, is by means of Homer’s plane, which 
in this case is perfoJ'ated by twenty-five to thirty little cutting 
tubes, one above the other, through which the wood is forced 
by the workmen. The serviceable pieces are separated by 
machinery from the unserviceable pieces, and placed 500 
together in boxes, which are fastened by rings into large 
bundles containing several thousand pieces ; a workman can 
prepare 200,000 pieces in a day. 

Another method is emifloyed in Sweden, only aspen-wood 
being thus used. The round piece of rough wood, 1| feet long, 
is softened in water and fixed between the points of a lathe, 
and the wood is then turned against a blade which peels-off 
from it a long piece li feet broad, of the thickness of a match. 
This is then cut and split by machines into separate pieces, 
each the size of a match. I’he Ji’mkiiping factories alone used 
up, in 1888, 280,000 cubic feet of Russian aspen-wood for this 
purpose. 

Pieces with a quadrilateral section are prepared after a third 
method, machines similar to those in use for wood-wool being 
employed. 

The manufacture of lucifer-matches is steadily consuming 
more and more wood ; there are factories, which for 
matches and matoh- boxes, consume 200,000 to 800,000 
' stacked cubic feet of wood annually. Thirty-five stacked 
cubic feet of wood will yield 2,000,000 lucifer matches 
2 inches long, weighing 8j cwt. The yearly requirements 
of Europe in this respect are estimated at more than 
-14,000,000 cubic feet of wood. 

t; < I .t 



6. Trenails, 

TrenailB are wooden pegs of various sizes, the largest 
being used in shipbuilding and smallei’ sizes by the cabinet- v 
maker and joiner, for fastening pieces of wood together ; the 
smallest kinds are used by shoemakers. Ships’ trenails are 
in lengths of 4, 8, 16, 28 inches, 1| to 3 inches thick ; they 
are mode of robinia, ash and mulberry-wood. Thirty-five 
stacked cubic feet yield on the average 200 trenails. Trenails 
used by joiners and cabinet-makers are made of the wood of 
oak, fruit-trees, beech, and even of coniferous wood, besides 
that of robinia and ash. Shoemakers’ pegs are made of 
birch, hornbeam and sycamore. 

The largest kinds of trenails are made by machinery as 
follows : — A round piece of wood is cut to the length of the 

nails, and then placed on 
a sliding frame, which 
forces it against the 
cutting-blade. It is thus 
split in one direction, and 
then turned through an 
angle of 90 deg. and split 
again. The split pieces 
are then pointed conically 
by machines. 

Shoemakers’ pegs are made similarly, only here, as in 
Fig. 343, the points are made by means of planes running 
first along a 6, and then along a c. The pieces are then split 
vertically (a jn). There are factories in Silesia where annually 
86,000 cubic feet of wood are made into shoemakers’ pegs. 

Large numbers of wooden toothpicks are made at Weissenfels 
and other places, of soft, white wood, chiefly willow. 

[6,000 to 12,000 trenails are made daily at a factory in 
Walsall, besides 6,000 to 8,000 railway-keys. Large straight 
oak logs are used.-— Tr.] 

7. Lead-Pencils. 

The best wood for lead-pencils is the so-called cedar (Juni- 
virginiana, L^J^imd bei^miuliana, 



Fig. 34H. 





ire made of tne wooa ot lime, spruce, (Jem bran pine 
and poplar. The wood is partly split and partly planed into 
; shape. 


8. irood for String Musical InstriimcnU. 

Split wood is used for making violins, violoncellos and other 
string-instruments. As steamed woods more or less curved 
and pressed into shape are required, only split wood, but not 
sawn wood, can stand the strain. The fronts and’ backs of 
the instruments are made of spruce and silver-fir w'ood, and 
their sides of sycamore. As regards fine zones and uniform 
structure, wood of even superior quality to that used for 
pianofortes is required. The zones in the wood for violins 
should not exceed 1 to 2 mm. to ^ inch); for double- 
basses and violoncellos it may be coarser- textured, 2 to 4 mm. 
to }; inch). 

The higher the key, the finer the woody zones should be. 
This valuable wood is steadily becoming scarce. Up to the 
present it has been ol)tained from selection forests, in which 
the suitable trees are found disseminated. It is rare that an 
entire stem can be used for making musical instruments, only 
the fine-zoned external parts of it being suitable. These 
pieces are imported in split sector-shaped pieces, from which 
the core has been removed, in lengths of 16 to 30 inches for 
violins, or of 40 to 60 inches for the larger string instruments. 
Grasenau (in the Bavarian Forest), Mittenwald (in the 
Bavarian Alps), and Markneukirschen (in Saxony) are the 
best known markets for these goods. 

Section XII. — Window- Frames. 

Glaziers formerly used chiefly oakwood for window-frames ; 
less frequently, wood of sweet chestnut, elm, larch and Scots 
pine. More recently, in large towns, the better kinds of ) 
^Scots pinewood [or teak. — Tr.] have replaced oak for this 
l^^purpose. Thejjiazier requires oakwood of similar quality to ^ 
^4hat used by the cooper ; generally it is sawn, with a nearly 
Isquare section, or is taken from the refuse wood after splitting 
^ves, or is split from billets. Sawn oak planks are used for3 
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she larger windows. The advantage of split wood for this 
purpose is that it warps less than sawn wood. Coniferous 
window-frame wood comes into the market ready prepared by 
machinery. Iron is steadily replacing wood for window- 
frames, especially in windows of shops and other large 
buildings. 

Hectiok XIII. — Wood-Carving. 

The wood-carver is represented by a whole class of artisans 
who use a number of chisel-like tools, especially in the finish 
ef their products. The following classification of these wares 
is attempted : — 

1. Coarse Woitd-CarriHfj. 

All sorts of bowls, ])lates, platters; corn, meal, malt, and 
bakers’ shovels ; kitchen-rollers, milliners’ blocks, and stands 
for shops, milk-ladles, wooden spoons, wooden shoes and heels, 
Bhoemakers’ lasts, saddle-trees, etc. Beechwood chiefly is 



Figs. 344 and 345. — Inslrunicuts for making sabotn. 


used for these articles and sycamore- wood for cooking 
apparatus ; wood of birch, aspen, lime and poplar also are 
used, and boxwood for the finest llussian wares. 

Chiefly short wooden butts are used, which for the larger 
bowls, platters, etc., should be 3 feet and more in diameter, 
and, on . account of their size, are becoming scarce. For 
smaller articles, and especially sabots, or wooden shoes, the 
better sorts of timber are required. All the timber used 
should split easily, he perfectly sound and free from defects 
and knots. 

As.the finished articles ^ust be« above all, safe from warpit^, 



sufficiently strong, the cuts should be along their lines of 
Ig^reatest extension. The butt is therefore split into from four 
^ six sectors, from which the core and bark are removed and 
’“the shape roughly hewn- out with an adze. The furilier finisli 
is given to the articles with special instruments, which are 
hent according to its shape, and of which Figs. {144 and 345 
represent general types. 

The remarkable ])rogres8 which has been made recently in 
wood-working machines favours the idea that handwork on 
rough wood-carving will become in time more and more 
replaced by machinery. The turning-lathe is already largely 
used for round articles, whilst machines have been invented 
by which almost any shape may be given to wooden articles. 

Wooden shoes (sabots) are made by hand, of the wood of 
beech, alder, birch, hornbeam, walnut or poplar, the split 
pieces first being trimmed roughly into shape by a short 
hatchet and then finished with various curved instruments. 
Trees 2 feet to 2^ feet in diameter at height of chest are 
preferred for this purpose. In order to give the shoes a dark 
colour and preserve them from splitting whilst being gradually 
dried, they are smoked. Tlie finer kinds are made of poplar, 
or willow, and blackened. The Depariement of Lozere, in 
France, alone produces 600,000 pairs of wooden shoes yearly. 

Wooden soles for leather boots, and wooden 

pattens and clogs, are made hirgely in France and Saxony by 
machinery. Clogs are made in Britain of alder. Shoe- 
makers’ lasts are made chiefly of horn beam- wood, and failing 
that of beech or sycamore ; there are large factories of these 
articles in Bohemia and Saxony, in which machinery is used. 
rfWooden heels of women’s boots are made extensively in 
J^^orniandy. — Tr.] 

Broom-heads and brush-backs are made chiefly of beech and 
:Wrry-wood. They are made chiefly at Globenstein in the 
v^rz mountains, at Esslingen, and at Todtenau in the Black 
Ij^orest, where ^£25,000 to £80,000 worth of broomheads are 
||jftade yearly. [There is a small facioiy for brush- backs at 

E ra Cotterets.— Tr.] 

ood used mostly green for rough wood-carving, as it is 
easier to work. 
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2. Oiin-stoclm, Wind-Instruments, etr. 

For gun-stocks and pistol-stocks, wavy wood of wal.*„„, 
maple, birch, elm and sycamore is used, chief!)' from the ' 
■lower part of the stem and the roots. Beechwood also is used 
foi inferior muskets. [ American walnut-trees were sold at 
A'iO each for this purpose in 1898 (Laslett).— Tr.] The 
various wind-instruments, clarionet, flute, fife, etc., are made 
from boxwood, and wood of ebony, birch, service-tree, maple, 
and grenadil ; wooden pipes from bruydre (krUaarhorea, L.), 
alder, maple, birch and sycamore. All the wood used must 
first be dried, and again from time to time laid aside to dry 
during the making of the instruments, or it would soon warp. 
Klingental and Markneukirchon in the lilrz mountains are 
the chief places for the manufacture of flutes, etc. 

8. Children's Toys. 

Enormous numbers of these pretty articles are made by 
dovetailing little cut pieces of wood, also by the turning-lathe 
and by carving. Spruccwood chiefly is used, between 60 to 70 
per cent, of the whole, also wood of lime, oak, aspen, birch 
and alder. Itegarding the importance of this trade, it is ' 
noted that at Olbernhau in the Erz mountains 1,000 to 1,500 
tons, worth ,635,000, are made yearly. The work is done by 
manual labour and by machinery ; and there are factories 
where only one special toy is made (for instance, toy-guus). 

Little animals which are afterwards painted to imitate 
nature, are, in tlie Erz mountains, split-out from rings of 
sprucewood, which have been turned on a lathe, so that the 
animals are roughly formed along their radii. 

This vast industry, of which Germany had for many years ■: 
a monopoly for the whole world, has now taken root in other • ■ 
countries, under protective dutie.s, and toys are now exported ' 
largely from America, 

4. Artistic ood-Curi'ing. 

The art of wood-carving attained its highest perfection in ' i 
the 14th and I5th centuries a.d., but after a long slumber has' I 
revived recently. Moderately hard, fipe and homoMneons^ 
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r^iroods are most suitable for this purpose, in which neither the 
annual rings nor the medullary rays are too prominent. 

Limewood is best, and then comes the wood of sycamore, 
horse-chestnut, walnut and fruit-trees. Oakwood is much 
used for carving, mountain and Cembran pinewood for inferior 
w^ork. Besides carvings in which human figures and beasts 
are imitated, ornamental furniture is made largely, also frames 
for mirrors, clock -caces, etc. 

Numerous smaller articles, such as ash-trays, salad-spoons 
and forks, paper-weights, napkin-rings, photograph-frames, 
etc., are produced in large numbers. There are now places, 
such as Oberamniergau, Berchtesgaden and Salzburg, wliere 
wood-carving, fostered by schools of art, forms the chief 
occupation of the people. 

[Fine wood-carving has long been a speciality in India, 
and very valuable art-furniture is now made in the Punjab, 
Burma, and other provinces. — Tr.] 

A special form of wood-carving consists in the large wooden 
type used for advertisements, notices, etc. Pear and apple* 
wood, sycamore and boxwood are used chiefly, and this 
industry has its principal seat in Switzerland. 

[Wood-engravers use almost exclusively boxwood for their 
plates to illustrate books and newspapers, and this wood is 
steadily becoming rarer, selling at from i‘20 to i*80 a ton 
in London. There is a considerable area of boxwood forest in 
the Himalayas, the protection of which is highly advisable ; 
the wood is used chiefly for making combs. — Tr.] 

Section XIV. — Turnery. 

The turner employs hard, homogeneous wood capable of 
being polished, and besides using many exotic woods, such as 
box, ebony, etc., prefers the wood of beech, sycamore, horn- 
beam, service-tree, birch, aspen, yew, walnut and fruit-trees. 
Chiefly split pieces of wood are used and the turner purchases 
tound butts or split billets. 

Although the demands the turner makes on the forest are 
I only small, it is interesting to give an account of some of his 
wares. Large wooden screws for wine or oil-presses are 
jof the wood of pear, ^ple or hornbeam ; for manages 

R 
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for pressing linen, of the eanie species, and also o 
servxce-treh and beech. Turned legs and other 
orniunental furniture are chiefly of walnut-wood. H^t-moulW 
aiynade of Iniie or alder-wood; skittles of hornbeam, pear 
and seivicpood; bowls, of lignuiu-vit® (Gu„U,r„m)-. shuttles, 
of boxwood ; reels for thread, of birch and aspen- wood ; spools ■ 
chiefly of birch [of which 5,000,000 feet of spool-bars are'- 
imported annually into Britain from America; birch, beech 
and sycamore grow-n in Britain also are used.-Tr.l; pipe. ; 
s ems, o apple, cherry, plum, majile, etc. ; walking-sticks 

vhm 1 r white-thorn, 

as those of ol ve, greeiilieart, etc.; cask-taps, of pear, apple V 
yew, larch and Cembran pine; bungs are made of split oak^ 
wood and mfonor sprucew'ood. 

onTlrrr' factories, the demand 

on neighbouring forests may he considerable; as, for instance 

for siiools, wooden buttons, Imngg, handles for tools, etc. 

Skction XV.— Ppaited Wood-wouk. 

This section may be divided into basket-work, and plaited 
wood-work properly so called. 


imsm i-ty ork. 


The basket-maker prepares wares of all shapes and dimen-' 
sions, from coarse hampers, fish-traps, etc., to the finest kinds: 
of baskets. The materials used are osiers, chiefly of Salk. 
nmuiaUs, pmjmrea, ruhra, aim/pdolhia, triandra, Lambertiana ■ 
primiosn, etc. also shoots of birch and of climbing plants, and"’ 
the finer roots of Scots pine, mountain-pine or larch. Th< ’ 
best osiers are thin yearling slioots, free from branches abom 
BIX to eight feet long, with white, soft wood ; one or other kint 
of mllow IS preferred, according to locality, but S. ■riwi/iaSi 
and amugdalim, purfiura and rubra are the best esteemed. 

For superior basket-work, the osiers are peeled, which is doni 
immediately after they have been cut, when the sap is risindt 
The osiers may, however, be peeled, if they are plunged inS 
water at. a temperature of from 100 to 120° Falir witbtJ 





paining impaired in colour or texture. After being peeled^ 
pie willows should be dried thoroughly hy exposure to the sun 
f.and air, or they will turn bluish and become brittle. They 
must be steeped in water when used, in order to recover their 
; flexibility. For rough hampers and hsh-traps the coarser 
osiers up to J inch thick are used, unpceled, hut freshly cut. 

Coarser baskets are made from unsplit osiers, the thin ends 
being cui-ofT, so that the thickness of the i)ieceH used may he 
fairly uniform. Finer basket-work is made of Hi)lit osiers. 
These line baskets are made over caoutchouc moulds. 
Spanish cane from the Philippine Islands, and split bamboo, 
make the finest basket-work. 

Ill vine districts a largo quantity of osiers arc used as withes 
for fastening the vines to their supports. S. viwinalis and 
S» (dha are used chiefly. 


*2. Wo<id-pIaitiit<f, 

Wood-plaiting is tlie most highly artificial employnnmt of 
wooden threads, whicli are woven on a frame into various 
articles. The simplest of these are sieves, mats and carpets 
made of wooden threads at Klein-(lerma, in Pohemia. Silver- 
fir fibres are employed chiefly in strands lb to ‘21 inches long, 
spun into threads and woven into carpels. 

The finer kinds of goods are formed of woven material, 
which is afterwards bent over moulds into hats, purses, cigar- 
cases, t^ble-covers, blinds, etc. Alt* and Neu-Fjhrenberg in 
Northern Bohemia are the chief seats of this industry, and 
only aspenwood is used, the wood being imported chiefly from 
Poland, and kept in pits under water till required. 

The wood-fibres are prepared by the use of planes with 
numerous longitudinal groovings, and from them the material 
is woven on looms in pieces 2| to 3 feet long and 2 feet broad. 
.The threads are sometimes coloured. 

Another way of making textile fibres from wood is to boil 
pieces of sprucewood, 8 or 9 inches long, with gypsum, as in 
cellulose-factories, so that the wood becomes resolved into its 
ultimate fibres. These fibres may then, like cotton or hemp^ ; 
be spun into threads and twisted into ropes. In California : 
siye: material is used on a lar«e scale for various purposes. 
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elaborate preparation. Tl.e foli„°- ''''“’““t any 

«'«^a«es:.-. ■"'« following comprise the chief 
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r fiirr^" t‘:ir's: o?""'" 
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Rrovvn largely and prolitahh « K “"h hits been 
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wooden sum. „..i„ 1 . . «‘'on of steel-wire hetw^ 
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w<»don supports has replae^tr f '^otween 

nd rediieed considerably the deniand'^f Jeeahties, 

Hoj) poles are usuallv' nl..^ i ^ ^o*’ the latter, 
their dimensions, being fro,,, according to 

ether broadleaved trees (ash S robinia, and ■ 

f>«riK)se. '“"h, etc.) are employed for thfo - 
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[Hurdles and crate- wood. — ^fuch split ash, oak, jx^llard 
Dvillow shoots and other coppice-wood is required in Britain for 
tiiirdles, and for crates used in packin^^ machinery, crockery, 
Crate- wood is in great demand for the l*otteries.~~Tr.] 
Tree-props, which are used U, prop up the houghs of 
orchard trees when heavily laden with fruit, are usually of 
the same dimensioiiB as small or middling-sized ho])-poles, 
and are made from poles of conifers, also of he(«cli, 
oaks and otlior trees, several stumps of hranches being 
left at their tops to serve as forks and HU])pm‘t the laden 
hranclus. Trop' for drying clothes are similar. 

Vine-stakes, which are placed in the ground (dose to vines, 
and to which the latter are tied, consist usually of split oak or 
coniferous wood, (5 to 8 feet long, and IJ to 8 inches square. 
In Alsace, vine-stakes are split from sweet chestnut and 
rohinia stool-shoots 10 to 12 feet long; they are far more 
durable than oak-stakes. Jn France, vine-stukes are made 
even of aspen and willows. Impregnated spruce poles are 
rephicing hroadleaved wood,eHp(icially from Switzerland. 

Wherever, as in parts of the Palatinate, the vim‘S arci grown 
very low, and spread more horizontally than vertically, the 
stakes are left in the ground over winter, iind only f)ak, sweet 
chestnut and robinia-wood are found serviceable. Jn this 
case, horizontal pieces or bars of wood are nailed across from 
one stake to another, the latter being placed into the giound 
vertically. The stakes are tliick split pieces 4 to 0 feet long, 
and the l)ars split laths 10 to 14 feet long, whicli are split off 
straight- grained stems by means of a wedge or divider. 
Sometimes they are replaced by steel -wire. 

Wooden Park Palings.— These are employed round gardens 
and parks, and especially in Alpine pastures, and are made 
by splitting round logs 4 to 6 feet long. Inferior kinds of 
wood are used sawn and generally creosoted. They may be 
driven directly into the ground side by side. [In Britain, they 
are generally nailed to strong post-and-rail supports, and kept 
entirely above ground, the lower part of the fence being formed 
by a plank placed horizontally from post to post. Deer- 
parks require the strongest fencing, and split oak and sweet 
dhestuut, or sawn larch or Scots pinewood are used chiefly, 



01% ^^nTnihh us^js OF YrQomn 

Cheap palingB are made of chesfcnut laths bound together 
wire by a machine. — Tr.] I, 

Withes for fastening faggots, bundles of corn, oak-bark, 
hemp, etc., are made of coppice-shoots of hazels, willows, and 
different Khrubs ; sometimes oak and beech saplings are stolen 
for the purpose. 

Brooms are made usually of young shoots and twigs of birch 
trees, and should be cut before the foliage has appeared. 
Vigorous birch trees afford the best shoots for brooms. 
Brooms are made also of broom, Geninta, peeled osiers, etc. 

[In India large quantities of prickly bushes are used 
annually for making temporary dead fences round the crops 
ill the dry season, and are used for fuel, or left to rot, when 
the cattle come into the fields to graze on the stubble after 
the harvest in April.- Tr.] 


Section XYIL— Refuse Wood. 

The refuse wood, after sawing or splitting has been effected, 
and the bark, are cut by the circular saw into convenient 
lengtliH, fastened into bundles and sold as kindling material. 
Wood-sbavings serve a similar purpose, but attempts have 
been made to press them into briquets mixed with cement 
‘to form Xylolitli. 

Sawdust has many uses, it is burned in specially-made 
furnaces to supply heating-power to steam-engines. Saw- 
dust and cellulose acted on by dilute nitric acid and boiling 
solution of common salt are used for fodder (Wendenburg’s 
;^y8tem). It is used as litter in stalls and wet places; to place 
Jn layers between set^ds in winter; also between rows of 
seedlings in forest nurseries as a protection against frost ; as a 
packing for fragile goods; with cement, soluble glass and 
gypsum, it is converted into xylolith or papyrolith ; mixed with 
chromium gelatine and immersed in boiling oil it produces a 
substance resembling gum. Sawdust is used for making 
oxalic acid and methyl-alcohol ; when heated it is pressed into 
briquets, nearly hs serviceable as coal, or if soaked and pressed 
|lt is easily kindled {Hugendudel system) ; when steamed, it 
^may be pressed into permanent 8ha|>es, ^ 



Sub-division H, — Firewood. 


The material used for fuel consists of split billets of coniferous 
wood, resinous pieces of spruce or pine, birch-bark, wood- 
shavings, brushwood of any kind. Briquets of pressed peat 
saturated by easily combustible substances may bo substituted. 

Firewood is burned directly for heating apartments, or for 
cooking food, washing, drying, etc. Hardwoods, which give 
out a more lasting, uniform heat than softwoods, are preferred to 
the latter for the above household purposes. For boiling food 
or heating boilers, as in kitchens, hard dense woods are 
preferred ; for baking or roasting, w^hen a quick intense heat 
is required, porous softwood or charcoal is preferable. It is 
not always possible, how’ever, to obtain the best material, and 
wood of all kinds is used for both purposes. The Danish 
Forestry Society has constructed a permanent wood-furnace: 
Beck’s furnace at Copenhagen is the best ; 18 lbs. of wood, 
filled in three times, burns for 36 hours. 

Firewood is still employed in factories, which may be 
classilied according as they require hardwoods, as in soap- 
making, laundries, and all factories employing boilers; or 
softwoods, producing a quickly radiating, intense heat, as ii 
bakeries, potteries, brick-kilns, lime-kilns, etc. : finally, char 
coal, the heat of which is not only quick and intense, l)ut als< 
very enduring, as for the work of locksmiths, blacksmiths 
glass-makers, etc. 

The utilijsation of dead firewood also may be coiisidere< 
here. This consists of all dry branches and twigs lying on th< 
ground, that have been broken from the trees either by thi 
natural clearing process of the woods, or by wind or snow 
its reduction into small pieces, without the use of implements 
^n be effected by breaking it simply by hand or across ih< 
^nee. Such a strict definition of fallen firewood cannot 
Jliowever, l)e considered as universal ; its inexactness is 
'iipparent for many localities where dry branchwood is included 
is still attached to the trees, from which it may l)e brokeg 
ly band or dragged down by a hook: in other places are 
^luded small pieces of wood and roots, that are still repro- 
g|etive and have not been dog op, as well as all refuse wood 
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left unsold on the filling-areas ; finally, in still other districts, 
the collector of dead wood is permitted to cut down and 
appropriate dead standing saplings and poles. [It is abso- 
lutely necessary that for all forest-ranges a local definition 
of the meaning of dead firewood should be made and enforced 
strictly. -Tr.] 

The collection of dead firewood is very simple: the wood is 
picked up from the ground and wherever the dry branches of 
standing trees are included, they are pulled down by iron 
hooks at the end of long poles, or men climb the. trees and cut 
off the dead wood with an axe. The method of collection is 
not an indifiereiit matter to the forester. So long as dead 
wood lying on the ground only is collected, its removal is not 
injurious, hut its harndess character is gone when hooks are 
used. Important as it is that trees should lose their dead 
branches in order to improve the value of ll)eir wood, it is, 
however, most hurtful to remove these branches in an injurious 
manner. It has been stated already (p. I'lo), that. at the 
'urcular occlusion around the base of a dead branch a small 
lepression exists, in which water accumulates and moisture per- 
usts for some time, so that at this place the branch rots quickly 
ind eventually breaks oft by its own weight, which has the 
;?reater elYect the longer is the leverage of the branch. If such 
% stage of decomposition has not been reached, as in the case 
of all branches that have died only recently, the bi’oakage of 
the branch by the hook leaves a little stinnp, which only in 
the course of years becomes occluded in the stem. The hook 
should therefore be excluded from all woods that are not yel 
mature ; it is certainly more injurious than the axe by whicb 
occasionally a suppressed hut still green sapling may lx 
cut. It would therefore Ihj much better for the forest if th( 
hook were replaced by the, pruning tree-saw. 

The yield of dead wood varies in quantity according to th( 
definition of dead firewood. Whenever only refuse wood am 
dead stems are taken, it amounts to 12 to 15 per cent, of th( 
Illume of a crop. When the trees stand close together, it ii 
greater than when they are far apart, is greater on good thai 
on bad soil, it is greatest of all in pole-woods, when weake 
poles are being suppressed. 
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The utilization of dead firewood i« important in national 
economy, for usually its collection and removal is left gratui- 
tously to poor men, women and children ; in many forest 
districts, it forms a servitude on the forest. 

As all fallen wood, if it remains in the forest, is a manure to 
the soil and renders it porous and well aih-ated, its utiliza- 
tion should he abandoned on poor soils, or on heavy, wet ones ; 
hut the increased djinger from fire, especially on sandy soil 
in sunny, dry pliices, renders its removal there advisable. 

Iliglily resinous pieces from the stumps of felled pines, and 
other coniferous trees are used as torclios in mountainous 
countries, as in the Himalayas. 


Sub-division III. - - Utilization of living plants or of parts 
of plants. 

The sale of living plants or of parts of j)lants has become so 
profitable to the forest-owner, es])edally near large towns, as 
to deserve mention. 

1. Plants with roots, for plantations or parks. They are 
either reared in liome-nurseries or purchase, d from pro- 
fessional nurserymen. They are classified according to their 
age and height, hut it would be better if hotli age and height 
were specified, as then the quality of the plants could be 
estimated better. Exotic plants are expensive, partly owing 
to the high cost of the seed, partly on account of their beauty, 
and partly because the purchasers are unaware of tlie real cost 
of producing them. 

2. Plants without roots. Christmas trees (sometimes rooted) 
are almost exclusively conifers, usually of spruce or silver-fir. 
In Franconia birches are used ; they are cut at the l)eginning 
of September, placed in water, and kept in warm rooms, so 

^ that they are green on Christmas Day, 

Tlie heiglit of Christmas trees varies from B to 16 feet, and 
their age from 5 to 20 years ; plants grown in the open have 
the strongest branches and the best appearance. Mencke 
recommends fencing in areas near large towns for the growth of 
Christmas trees, planting them at the rate of 160 plants an 
^re, and selling them when twelve years old. 
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Suppressed stems' of evergreen coniters witn flat;, scanfij'l 
crowns are placed along the sides of roads in order to point, 
out the roadway in times of heavy snowfall. 

8. Bmall branches of all species of trees, hut especially of 
conifers, serve as shelter to delicate plants against sun or frost, 
or for decorative purposes. Near towns the sale of such material 
that is pruned from open plantations is a productive source of 
revenue. They are sold by weight, in bundles, or by the cart- 
load. Holly, mistletoe, etc., are extensively used at Christmas. 

Sub-division IV.— Woods arranged according to their 
Uses. 

In the following abstract of the teclmical uses to which wood 
may be put, only its uses as timber are considered. The list 
first contains the European woods, and then the most service- 
abh? foreign woods. ' 

1, H^hxU of Broa<ll(‘(ivfd I'n’rH. 

Oakwood. Used for superstructures, hydraulic \vVjl*k6, 
bridges, shi]) and boat-building, gate-posts, mill-whJeelV 
railway-sleepers, mining limber, joiners work, cabinet- 
making; for wheelwrights' work, blocts, staves, bungs, 
sieve-frames, shingles, trenails, wood-carving, pianoforte- 
making, turnery, window-fraim‘s, park-palings, vine-stakes, 
hurdles, rungs for ladders, etc. 

It should be noted that the fme-zoned, easily worked, softer 
wood of the sessile oak is jireferred to that of iKidunculate : 
oak for all purposes making less demands on size, hard- 
ness, strength and durability. The latter is preferable for 
construction of all kinds, for staves, wheelwrights’ work, 
split- wood, etc. 

Ashwood. — For pillars, stamping hammers, wheelwrights" 
work, joinery implements, tool- and whip-handles, billiardr;^ 
cues, racquets, hurdles, barrel-hoops, gymnastic apparatus,' 
lance-shafts, rudders and oars, thatch\vood for stacks. Figured: 
ashwood is greatly in deinand for furniture. ; 

' IBlmwoodL— Used by the furniture-maker, undertaker an^l 
greatly in demand by the wheelwright; for butcher^ 
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Slocks and tho inner lining of ships. [Elmwood, being tough » 
is used for boxes for tin-plates. — Tr.] Figured elniwood is much 
esteemed ; the wood of the common elm is more valuable 
generally than that of the mountain elm. 

Sweet chestnut. — Used occasionally in superstructures, also 
for furniture, gate-posts, park-palings, fences and hurdles, 
staves; makes excellent vine-stakes, hoj)-poles and hoops. 

Sycamore and maple. — Preferred by the cabinet-maber for 
solid aiid veneered articles, parquetry, etc. ; by th(? turner and 
carver, in cotton and jute mills for rollers and spools ; for 
churns, musical instruments, gun-stocks, and ornamental whip- 
handles, Bird’s-eye maph‘. is very valuable. 

Limewood. — For fine carving, founders* models ; used 
under veneer, for wooden basket-work ; in pianos jind organs, 
wooden shoes, paiuer-maclie, etc. 

Beechwood. — Joinery, for lloors and staircases, in mills and 
mines (Hiainping-hammers), railvvay-Blee 2 >ers, street-jiaving 
blocks, cabinet-making; for furniture, pianos, carpenters’ 
benches, wbeehvrighls’ work, slack barrels, agricultural 
implements, packing-cases, measures, sieve-frames; for coarse 
carved work, inallsters’ shovels, wooden slioes, horse-collars, 
gun-stocks, broom -beads, brush-backs, 2)lane-box<!S,s2)igotB, etc. 

Hornbeam -wood. — Wheelwrights’ work, in mills, niHcbinery, 
turnery, shoemakers’ pt^gs and lasts, plane-boxes, carpenters’ 
benches, tool-liandles, agriciiltuial implements, skittles, etc. 

Birchwood.— Joinery, furniture, wbeolwrigbts’ work, turnery, 
spools, bobbins, wood-carving, brushes, clogs, shoe-pegs, coarse 
carved wares, withes, brooms, etc. Figured bircbwood much 
prized by cabinet-maker and carj*iage-lmildor. 

Alderwood. — Used underground in mines, for covering 
damp places, water-conduits; largely used for cigar-boxes, 
clog-soles, broom-heads, toys ; also for gunpowder. 

Poplar. — Eafters and rails, slips for cargo, joinery and 
wheelwrights’ work, packing-cases, coarse carving, matches, 
cigar-boxes, and papier-mache. The white iiojdar, or Abele, 
also for superior wood-carving and in organs. Aspen for 
^ucifer-matehes and paper-pulp. 

Willow.— Cricket-bats {Saiix^ atborviridis),* basket-work, 
1 • B, B, PfiiU, Varilitiow <)C Saliie alba."" ot Forestry, Oci, 1S07. 
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clotbes-pegs, withes, fascines; wood of tree-wdllows used in 
furniture under veneer, for packing-cases, hurdles, papier- 
mach6, tenacious is used as well as poplar 

for lining carts for carrying stones.— Tr.J 

Robinia (False acacia).— Wheel wiigh I s’ wood, especially 
spokes, rungs, implements, joinery, trenails, vine-stakes, tool- 
handles and turnery. 

Servioo-wood {l\(/rus /ez-mhirt/jK).— Fsed by turner and 
cabinet-maker, and for wood-carving. [Pijms Sorbus yields 
very finely grained wood, used for set-sc|uares, French curves, 
etc. — Tr,] 

Rowan- wood {Pi/ruH Aumparin ). — Splendid wheelwrights’ 
wood, on account of its great toughness. 

Wild pear {Ptjrns cinn munis). Highly esteemed for cabinet- 
making and turnery, for picture-frames, blocks for woodcuts. 
Figured wood equally prized with that of the cultivated pear 
and apple-tree for veneers. 

Hazel. — Used for hoops, sieve-frames, also by the cabinet- 
maker ; for holding chisels to cut iron plates. 

Horse-chestnut. — U.sed by the turner and cabinet-maker 
and for fine wood-carving. 

Wild Cherry (Prnmis Ccrasus, L.). — By the cabinet- 
maker, turner, and wheelwright. P. Padiis for holding 
chisels. 

Walnut. Highly esteemed for furniture, veneer, gun-stocks, 
and for frames, wood-carving and turnery. 

Laburnum {Cijtisus Laburnum and C. alphiuin ), — Splendid 
ivood for turning, or for furniture. 

Boxwood, for wood-engraving and turnery, flutes, measures, 
jhuttles. This wood is becoming rare owing to the absence of 
forestry in the Black Bea di.stricts. 


2. Conifennis Woods. 

Spruce. — Superstructures of all kinds, in boats for fresh- 
water traffic. Sawn timl>er used by the joiner and cabinet-maker, 
?y the wheelwright and shingle-maker, for boxes, packing- 
Jases, toys, violins, etc., piano-making and organ-building. 
Proles and saplUigs usal for agricultural purixises, ladders. 
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oars, telegraph fencing, vine-stakes, wooden baskets, 
and paper-pulp. 

Silver-fir. — Used for the same piirjmses as sprucewood, and 
specially useful in buildings, for pillars, also in hydraulic works. 

Soots pine, also termed red-deal. — Used for the same 
purposes as spruce, except for musical instruments, shingles 
and other s])lit-\vare ; superior to spiaice or silver-lir for 
hydraulic works (piles), bridges, railway-sleepers, or mining 
timber; used for all purposes requiiing duraldlity ; esteemed 
for sliips' masts and spars, spars for windmills, conduit-i)ipes, 
street-paving, etc. 

Larch. — Used for the same purposes as red-deal, and 
wherever durability is demanded is more highly esteemed than 
the latter. [In Britain for lishiiig-l>oats, barges and feiices. — Tr.] 

Black pine. — More used in hydraulic works and earthworks 
than for superstructures, furniture, etc. 

Weymouth pine, termed white deal in America.— Used in 
superstructures, especially in roofs ; also in cabinet-making, 
packing-cases, etc. Old wood is preferred. 

Cembran pine.- AVood-carving, toy.s, and cabinet-making. 

[Corsican pine. — Heartwood similar to I’ed-deal. — Tr.] 

Yew {To.vuh ixiccata),- Esteemed for bows, cabinet-making, 
wood-carving and turnery. 

Mountain-pine inontana). — Turnery and wood- 

carving. [Erect variety yields good building timber. — Tr.] 

Juniper {Juuiperus Pine wood for turnery and 

wood -varying. 

3. Exotic Woods. 

Teak (Tcctona //ra^/di«).--'The best wood for shipbuilding, 
superstructures ; largely used in railway-carriage-building, and 
by the cabinet-maker, wheelwright and turner. 

Mahogany {Swictenia Mahogani). — Highly- esteemed furni- 
ture wood; also used for panels, picture-frames, cigar- boxes, etc, 

Padauk (Pterocarjms dalhergioides) from Burmah and the 
Andaman Islands. Highly esteemed for railway-carriages and 
cabinet-making, also in saddle-making. 

Hickory {Hicoria alba and other species). — Highly esteemed 
m carriage-making, and for handles of implements. 
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Ailanthm f/towrfwio«a.— Kecoinmended for carriage-making 
m account of its strength, elasticity and non-liability to warp 
' West Indian cedar (Cedrcla odora/a).— Best wood for cigar 
30xes and river-boats. 

Ebony {Dimpyros Khenum, D. Melmioxylon, and othe 
species) .—Turnery and wood-carving, pianoforte keys, knife 
bandies, etc. [Btained holly and hornbeam used to imitat 
ibony. — Tr.] 

Lignum-vit00 {Gn(ii<triim officinale). — Bowls, pulley-blocks 
policemen’s batons; used in gunpowder-manufacture a 
grinding-rollers. 

Jacaranda {Jacavanda hrasdienHia), — Turnery, inlaid furni 
ture, etc. 

Kosewood (wood of several species).^- -Furniture, pianoforte 
making, etc. 

Qrenadilla I (West Indies and Honduras). — Used similarl; 
to rosewood, and for flutes. 

Horseflesh-wood {(.!(es(dpinia Hp, from Bahamas) .—Violin 
bows, machinery. 

Greenheart {Nectandria liodiici, lauracoous tree fron 
Central America, South America, and West Indies).- Ship 
building. 

Violet-wood (Acacia pcndula and A. nomolvphylla , fron 
Queensland).- Inlaid furniture, boomerangs, etc. 

Satinwood [wood of different species of trees, among other 
Chloroxylon Stvictenia, from Ceylon. - Tr.] Used for furnitur 
and the backs of brushes. 

Olive-wood (Olca -Wood-carving, etc. 

Quebraohe-wood (Aspidospcnna Qiichracho-hlanco, fron 
Argentina).— A good substitute for bo.Kwood, for wood 
engraving, also for railway-sleepers. Quehracho-coloradt 
for tanning.I 

American white (or poplar) wood (lAviodemlvon)-Ajm 
for ebonised show-cases, furniture, carpenters* benches, etc 
Takes stains well, and does not warp,— Tr,] 

Briar-wood {Erm ar 6 omi).“- Boot-stock used for tobacco 

pipes. 

[Iianoewood {Dugueiia qmtaremis^ Benth. of Omana, am 

♦ Fi4»> 86. t %f6. 4?. 686. 



j^mlteria rirgata, Brazil ?) for fiahing-mds, handlos of golf* 
clubs, etc. Heads of wooden golf- clubs are of beech, or 
apple.-“Tr.] 

Pencil-cedar {Jtunperits vinjiniaiut and J. inuin mliaua). - For 
lead-pencils, pianoforte-hammers, pipe-stems, turnery and finer 
cabinet-making. 

Pitch pine palnstria^ from the Soul hern States of 

North Am(U'ica). - Splendid architectural wood, resembles the 
best larchvvood in durability ; ship-building, railway -carriages, 
less used for furniture, [Pitch pine is the name givtui in 
Europe to the timber of several pines in the S. States of 
N. America. They are Longleaf-pine (/^ palastrin), Cuban- 
pine (/^ cuboiftiH), Shortleaf-pine {P. echiuata), and Loblolly, 
pine {P. Taeda). The timber of P. palusfris is called longleaf 
pinewood in America, pitch pine being the name of J^inun 
rujUky a tree yielding very inferior timber. - Tr.] 

American cypress {Taxodiitm (lintirhum).^ Used for door 
and wall-panelling, etc. Lawson's cypress wood is considered 
durable in America. 

Oregon or Douglas-flr {PaefulotHupa mucnmaia). Excellent 
for Huperstnictunis and ship-building; also as scantling in 
joinery, for school-benches, etc. [Used by Nansen for “ The 
Fram.’”-TV.l 

[The wood of many Australian gum-trees {Knvaliipim »p,) 
is highly esteemed: thus “Jarrah” {K. marcjimita)^ ship- 
building, railway-sleepers, wood-paving; and “ Kari ” {K, 
diremcohn-), wood -paving. - ~Tr.] 

Californian red- wood {Si'qnoia sempernirm), price in Loudon 
in 1898, 1«. 8J. to Is. 10^/. cubic foot. 

Kauri pine {Daminara amtralis), from New' Zealand, used for 
flooring, deck planks, etc. Dacrpdium nipresHinum also, is 
much used in New Zealand. 

Palmwood, for sticks and umbrella-handles. 

,■ Bamboos for slicks and furniture, basket-work, fishing’ rods, ^ 
ietc. 

[In tropical countries, for buildings, masts, shafts for 
^carriages, lance-poles, milk-pails, etc.— Tr.] 

«« 





PART II. 


THE PROPERTIES, UTIIIZATIOH, VAIUATIOH AHD 
DISPOSAL OF MINOR FOREST PRODUCE. 




(IIAPTEE 1. 


raOPERTIES, UTILIZATION, VALUATION, AND 
DISPOSAL OP BABE AND ITS CONSTITUENTS. 

Section I. — Anatomy of Evuk. 

, The bark on a yearling nhoofe of dicotylecionouK and gyinno- 
Bpennons woody species, at the close of the annual growth, may 
be distinguished as outer and inner hark. The outer hark 
(cortex) includes the external coating, termed epidermis, the 
cells of which are covered by a suberous and ligneous, waxy 
layer, the cuticle. Through the epidermis there are openings 
(stomata), by whicdi an interchange of gases is effected between 
the interior of the })lant and the atmosphere. The epidermis 
contains fre(iuently a strengthening tissue, the hypoderma, 
formed soinetimes of collenehymatous cells, the walls of which 
swell when moist. Under the epidermis lie the chlorophyll 
cells, connected together somewhat loosely, so that there is 
room between them for the circulation of air. 

Usually in the first year of a shoot, the cells of the 
epidermis or those of the subjacent cellular tissue, or even 
of a deeper tissue, become divided ; tiie inner half form a cork 
mother- tissue (Phellogen), whilst the outer half are brick- 
shaped cork-cells. The latter lose their plasmic contents 
, rapidly and then contain only air, their walls become su her ised 
and are impermeable for air and water. Hence all tissues 
outside the corky layer die. In order to replace the stomata, 
^ a group of cells is formed beneath them, the walls of which 
are rounded and suberised, so that the intercellular spaces 
between them allow for the passage of air. These groups of 
ceils are named lentioela. In a few species, field-maple, 
cork-elm, Phellodendron^ and cork-oaks {Qnercm Saber, occi^ 
dmtalis, coccifera, vaiiabUis), etc., the cork thickens on the 
? lftem and branches into ridges, or into continuous layers, when 
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ID can ue uciiisea commercially. In mosi species me 
tioii of cork attains a thickness of only a few cells, whilstwii^| 
layers of cork, with boundaries like oyster-shells, cut off part^* 
of the tissues from the deeper layers of bark, which turn red 
or brown, and die. These flakes of bark contain scarcely any ; 
cork, but are composed chiefly of the tissues of the inner barL ^ 
The inner luirk of the shoot consists chiefly of the bast, 
named from the occurrence in it of bast-flbres, hard and 
soft bast. The former consist of very thick- walled, elon- 
gated cells, ^Yhich are sometimes solitary, sometimes in zones, 
that alternate with zones of soft bast (Tilia) ; they are rarely , 
absent from the inner bark. Most of tlie inner hark, how- 
ever, consists of soft hast, c()m})osed chiefly of sieve- tubes and 
bast-i)arencliyina. The sieve-tubes are organs analogous to 
the vessels of the wood, but are filled always with aqueous, 
plasmic coiuenls, which l)y slow movement supplies nutriment 
to the tissues. The bast-parenchyma, partly in strands 
parallel to the axis (longitudinal parenchyma), partly in 
horizontal bundh‘s (medullary parenchyma) being a continua- 
tion of .the medullary rays of the wood, serves as a reservoir 
for starch, sugar, tannin or turpentine, but also passes over into 
other tissues. Thus, in many parenchymatous cells, crystals 
appear of oxalate, or more rarely, of carbonate of lime, whilst 
the plasmic contents disappear and the cell dies and is termed 
a orystal-sac. Tannin accuimilates in other parenchymatous 
cells (tamiin-sacs), as a refractive solution ; in inedullaiy 
parenchyma, ethereal oils, such as turpentine, camphor,; 
increase continually in quantity, whilst the other contents of 
the cell continually diminish (turpentine and camphor sacs).:^ 
Often parenchymatous cells become converted into scleren-^ 
chymatous or stone colls, their contents becoming attached;,^ 
to their walls as a thickening, while the cell becomes eitheri; 
spindle-shaped, or stvUate, only a small part of the lumen; 
, remaining, HometimevS the medullary-ray cells become stony 
when they emerge from the wooti, supplying an internal union’ ^ 
between bark and wood (beech). 

f Elonga^ cells containing latex (fats and oil suspended in| 
p water), also sometimes traverse the bark and are teme^| 
Ivl^ticiforons if'fcm); their contents are very 
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yeojxtmercially* In conifers, turpentine is elaborated, partly in 
the interior of the parenchymatous cells, where it continually 
increases (resin-cells), partly in spaces (resin-ducts) between 
‘ closely-packed parenchymatous cells. The outer bark possesses 
only vertical resin-ducts, the inner bark only horizontal ones, 
which are continuations of those in the medullary rays of the 
wood. 

The dead bark, or rhitidome, arise s from the above cell- 
forms by the scale-like formation of cork; rapid f^rowth in 
thickness, warm localities, insolation, o][)en crop of trees, tissue 
tension at the base of branches, etc., favour tlie early forma- 
tion of rhitidome and tlie scaling off of hark (*). At the 
junction of the inner bark of the wood is the cambium, 
whicli. forms outwardly the organs of the inner bark. The 
bark of moiiocotyledonous woody species, such as palms and 
bamboos, is confined to a few layers of cells, under which, 
without any cambium, lies the so-called wood, resembling pith, 
but traversed by strands of wood. The superficial cells are 
strongly siliciiied ; there is no formation of cork. 

Section II.— Chemical, Physical and Economic Puopeuties 
OF Bakk and of its Oonhtitcknts. 

Eor the sake of brevity the above will be discussed together 
with the utilization of tlie bark. 

1. Praperliefti Utiluation, Valuation and Dinpoml of Hark, 

The young green bark of our woody species has little 
durability; as a rule, in the first or second year the green 
colour is lost when cork is formed, so that reddish, yellow, 
brown or grey tints prevail. In using saplings of oak, dog- 
wood, hazel, etc., for walking-sticks or umbrella-handles, the 
lolour, lustre and scent of the bark are important. In species 
>f palms and bamboos, the external bark becomes in time 
my durable owing to its gradual silicification. The rind of 
l>MnbooB is coloured most variously, according to the species 
s^d variety of the plants ; it has yellow, brown or black specks 
^ stripes, which render bamboos attractive as fishing-rods, 

If, ilftjrr, SekivtioimiiiWEiei 4er Fichte tind L^rche.” Bot Zentral- 
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stiekS) or for light fancy furniture. In particular a red colotlf 
is prized, that affects the outer rind of a bamboo after 
exposure to smoke in a chimney, or it has been kept in huts 
without chimneys. 

As soon as rhitidome or dead bark is formed, and bark- 
scales appear on the exterior of some of our trees such as 
larch or pine, the tannin in tlieni becomes oxidised and turns 
red or brown, resembling the transformation of living sapwood 
into diier lieartwood, that is dead in conifers. In trees such 
as beech, hornheam, silver-fir, etc., where rhitidome is not 
formed, or is formed only when the trees become old, the bark 
is usually grey, owing to its incrustation by lichens; in birches 
the white betulin gleams through the cell- walls. 

\Vhen the hark-scales becoim; red the durability of the bark 
is increased considerably, just as is the coloured lieartwood ; 
if the cortex is wound(‘d tlie tissues exposed to the air redden 
rapidly, a process of oxidation that protects the wound, the 
piotection ahorded being increased by the Bubsec|ueiit jirovision 
of a layer of cork. This explains the great durability of very 
thick barks ; as, however, the thick barks of oaks, larch, old 
pines and Douglas-firs, are separated with greater difficulty in 
large, regular pieces from the stems, than from those with 
thin and small scales ; it is the latter, c.r/,, spruce and birch, 
which are peeled during the life of the trees, and used for 
covering roofs that are exposed to the rainy west wind. The 
birch produces a scaly or stony bark only late in life, and 
owes the great durability of its bark to the betulin in its cells. 

The heating-power of the bark is less than that of the wood, 
even in conifeis, in which, according to Mayr’s investigations, 
there is more resin than in the wood ; the coarser the bark, 
the better it is as a conibustihle. It is peeled off fallen trees 
in summer in large flakes, about one meter long, or is hacked 
or beaten off them in winter, and used as oombuBtible bark. 
This bark is piled in stacks 'and sold, or given unmeasured to, 
poor people, or to the wood-cutters. Owing to its gi-eater 
heating-power, birch-bark is used as kindling material, as is 
very resinous pine wood. 

Thick pieces of willow bark {i^laUx alba), which is very 
serve as swimtaers for ffshing-nets; fresh spruce 
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with a scent of turpentine, which may l>e increased hy i>ouring 
turj>entine on it, is used for catching hark-heetles; bircli-bark, 
owing to its white colour, toughness, durability and heating- 
power, is used extensively in the north of Kuroi>e, America 
and Asia ; small artistic articles, also useful boxi's and vessels 
are made of bark ; cherry bark is especially ornamental. 

Section III.— Phopektiks, etc,, of the Conkiituknt 
l^AUTs OF Bark.* 

A. Tanning Materials. 

Tanning materials in the form of weak acids of various 
composition are widespread in all parts of jdaiits ihrougbout 
the vegetable kingdom ; they contain less carbon and oxygen 
than other carbo-hydrates. Gallic acid or true tannin comes 
from the galls on our oaks, as well as on QneiruH infectoriay 
and from other galls. 

Tannin is an auiorplious substance with an astringent 
taste, soluble in alcohol and water ; according to their origin, 
tannins from oak-bark, from oakwood, from s[)ruce-bark, from 
catechu, etc., may be distinguished: they form salts with 
inorganic or organic bases (alkaloids) ; solutions containing 
iron arc coloured green or blue by these different lanninB, so 
that this serves as a test for the nature of the tannin. The 
most important property of tannin is, that, when it acts on 
gelatine, a substance contained in the skin of animals that 
swells in water, it converts these skins into a connected, 
strong, tough and durable material, leather.) When leather 
is made by treating skins with tannin, the process is called 
tanning. 

Leather, however, may be formed in other ways from skins ; 
viz., by salts of alumina, especially chloride of alumiha with 
common salt; this process is termed tawing and produces 
w’hite Itid for gloves, etc. Shamoying employs fats or oils 
and produces soft wash-leather. Tanning also may be done 
with salts of iron, of ohrominm (sulphate or chloride oi 
chromium), of nickel, or by utilizing the electric current 

* A, M«yer, “ Lehrbucli der Agrikultur-Cbiraie,” 6tlj ed., IDOl, 
t Encyc, Brit., Vol. XiV., “ 
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In general it is true that tanning with bark produces the' 
best leather, but it is also the dearest. 

Tannins are found in all plants; many contain large 
quantities in their bark, others in their wood or in their 
leaves and fruits; many plants contain large quantities of 
tannin. All insect-galls are specially rich in tannin ; galls on 
plants, that otherwise possess plenty of tannin, exhibit the 
paximum amount of tliis material. When parts of plants are 
^ 6oaked in water and the latter evaj)orated, tanning-extracts 
obtained; they are very rich in tannin and are mixed 
with water and used for making leather. 

^ The manufacture of tanning-extracts increases continually, 
for in this way solutions of proper density are obtained 
suitable for hides of diflfereut thickness and origin, and the 
business is facilitated and cheapened. A stronger com|)etition 
in extracts from tropical countries may be expected, owiiig 
, to the quantity of suitable plants that these countries pro- 
duce ; when better methods of extraction and purifying these 
: extracts have been attained, European tanning industries will 
be beaten in the contest. 

The most important tanning materials come from the 
following plants, the percentage of tannin being given : 


Extract of 

Quebracho wood, dry 

63 per cent. 


llhizopbora Mangle 

58 „ 

»* 

Quebracho bark .... 

50 „ 

1 ) 

Catechu wood {Acacia Catechu) 

45 to 50 „ 


Polygonum hymenosepalum (roots) 



Canaigre .... 

42 


Eyingado wood (Xylia dolabri- 



formis) . . . . 

37 

,, 

Uncaria Gambir .... 

35 „ 

»♦ 

Sweet-chestnut wood* . 

30 „ 

»> 

Hemlock-spruce wood . 

30 

if 

Oakwood 

28 „ 


Kattural Contents in Tannin. 


[^Indian Gum-kitto. {Ptei'(K‘>arpu$ Marsn^nmi) 

76 ,,-Tr.l 

[/binese galls (Bhm senmluta) 

70 


• voii Sobiitder, 
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Bark of Hhhophova Man (fie (German E. Africa) 

40 per cent. 

Trillo, husks of the cups of acorns of (Jneram 

Aefffflops 

48 „ 

Knoppern, galls on the cups of acorns of (J. 

pednncnlata ...... 

38 „ 

Valonea, cups of acorns of oaks from Asia 

Minor and Greece (Q. Acgylops, etc.) 

88 

Dividivi, legumes of C<emlpinia coriaria 

85 

Bhizopbora ^langle and IL mucronata, wood 

80 

Canaigre, roots of linme.v hymniophyllum, 

von Schroder 

80 .. 

Myrohiilans, fniit.s of Tenuinnlia Chchnla^ etc. 

80 

Qutd>rac*ho Gulorado {(^h^^’hl‘<^chi<( horentz'n. 

Lv.viipieryyium ..... 

20 „ 

Oak silvei'-hark, best (jualiiy 

20 „ 

Bark of 40 years' old oak .... 

IH „ 

Garobile, ))ark of (^h(nrn» focvi/rra 

18 

Babla, legumes of exotic acacias . 

17 

Bark of Qurirua deuHijhn’a and Parn p/nifA- 

inanui ..... 

lti-5 „ 

,, Tsupd McrtenHiana .... 

is-i 

. (JucirtiH Ilex ..... 

15 „ 

„ Aluns (jbititumt .... 

M-6 

M ]*>t('U<hl(iiuja mncyouatii 

i:!-4 „ 

„ Tenmnal'm Umvniom (Imlia) . 

111 „ 

„ Spruce, 25 years old 

15 

TvK 

M l» ^>0 ,, ... 

11 „ 

Casuaruia eqnisetifolia 

11 

„ Shorca rolmsta (India) 

10 „ 

„ ^Villows and Tmia camulenm . 

10 

„ Old oaks 

8 „ 

„ Old spruce 

8 „ 

„ Alniii invana ..... 

6-7 „ 

„ Silver-fir 

6 „ 

„ Qnercus Prinos^ Castanca americaua . 

6-2 „ 

,, Q. alba 

0 „ 

„ Q. mhra 

4-6 „ 

„ Elms . . , , . . 

4-5 „ 

** Sweet-cheAtuut . , * 

4 „ 
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iennan galls (on leaves) .... 4 per cenu. 

Jark of (*>. Cerrin 4 „ 

„ Birch 4 „ 

„ Horse-chestnut .... 3'5 ,, 

„ Ash B'8 „ 

„ Beech 

„ Larch 1*6 „ 


The contents of tannin in the hark of Piuna halq>nisif(, that 
s used for tanning, is unknown. 

[Besides the above suhstances mentioned by Gayer, Mimosa 
bark from various Australian acacias— chiefly (.L harpophijlla) 
from Queensland, the black wattle (.1. inollimnia), the gold 
wattle (A Vycnantha)^ the Tasmanian silver wattle (4. leuco- 
phylla) and (A. cyaunphylla) — is largely import'd into the 
United Kingdom. Sumach, powdered leaves of lUius coriaria 
from Mediterranean countries, used foi’ Morocco leather. 
At Cape Town, the bark of Avacin mliyua, a naturalised 
W. Australian species, is the mainstay of the tannei’ieS. Hem- 
lock bark (THuya (‘anadvitHiH) is the most in)[>ortiint tanning 
material in N. America. Mathey states that (Quebracho wood 
imported into Europe from Argentina tends to oust oak-bark. 
The Director of the Kew Gardens says that Queln-arhia LorefiizHy 
Griseb. {Anucardinemc) is “Quebracho Colorado," Quebracho 
Blanco is Aspidoaperma Qtadtracho-hlanvo, Sclilecht {Apocy* 
nace(te)y but is not used for tanning. The decrease in the 
annual export of oak-bark from France to the rest of Europe 
has fallen off since 1898 from 55,000 tons to 40,000 tons, but 
the extract of chestnut wood from Corsica and French factories 
besides supplying French tanneries is sufficient to leave 88,000 
tons over for annual export. — Tr.] 


B, Tannin ft-om Young Oak-Bark.* 

Tans prepared from the bark of young oak-trees form the 
best possible tanning materials. Extensive forest tracts 

* 14 cwt. of ottk-baik, containing 1 cwt. of tannui, ore required to con\'eyt 
into leather 2 cwt of fi-esh ekins. 2 tons of «piuce-baik wiU proilucc tha aame 
effect, Roppe, oy. tvt. p. 109. 

^ ifr, Jeutsch, ** Der Deutwjhe Kichcntitthiilwakl u. seine Zukunfl. ” 
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Biocted with oak-coppice are required for its production, 
and both in quantity and quality far outvie the yield of 
older oak-trees. For that reason, a separate account is 
given here of the production of tan from young oak-trees, 
as compared with tliat produced by old oaks and other s[)ecie8 
of trees. By young <»aks are meant both seedling and coppice 
growth up to a limit of 25 years. 

Befoie considering the mode of harvesting oak-bark, it will 
be useful to give a sliort account of the various conditions 
which affect its quality. 


1 . ihe Qiiulitif (»/ hark, 

('ll) Species.- Oak coppice-woods in (Jentral Europe are 
stodiod partly with the sessile oftk and partly with the 
pedunculate species. In the best localities for.oak-hark, the 
Odonwald, the Itavariaii I’alatinaUJ, the Hundsruck, Tnunus, 
the valleys of the XecKar, and hills of the Middle and Upper 
l!hiii(i-\'idle,Y, it is. with very few exeeiitions. the sessile oak ; 
only in the lower lands, near the waterconrses, iloes^ the 
pedunculate oak lake its part in these woods. In the North 
(lerman jilain (as in British lowlands), the jieduncnlate 
oak prevails ; also in tlie iieiRliboiirhood of the Harz and 
Hie^'en, in Silesia and in most oak-bark coppices in Austria. 
Each of these species yields the largest quantity and best 
quality of bark in the locality that is best adapted for it. 
In South and Central (Germany, the hark of the sessile oak 
is preferred : in this region also it is much the easier of the 
two oaks to peel. 

Quemis puhcHCcns, which thrives in the warm countries of 
Hungary and Slavonia, yields as much tanning hark as the 
above two oaks. Qiieraix Ilex in the south of trance is 
managed (Huffed) as coppice, and is rich in tanmn. Boppe 
states that Q. Tozza is useful. The Turkey-oak {Q. Cmi$) 
is used here and there in Austria for the production of bark, 
but on account of its forming, at an early age, a deeply-cr^ked 
rhitidnme, or dead bark, and because its numerous bundles of 
bast penetrate the sapwood deeply, and render peeling very 
i^^i^alt, it is of little value. Of foreign oaks, the American 
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acid is accumulated. As every year the cambium 
produces a new layer of longitudinal parenchytna and sieve- 
tubes, the quantity of tannin increases until the rhitidome 
forms, when the external cortex is killed by the formation of 
cork, so that much of the tannin is lost. When coarse hark 
begins to form, the mass of bast and consetpiently of tannin 
remains uniform, as just as much new hast as the canibiinu 
forms is lost externally in dry hark. At this period it is best 
to utilize the hark, for tlien worthless rhitidome continues 
to increase. Begarding the factors, which expedite the forma- 
tion of rhitidome, Mayr's observations {rf. p. (>29) liave given 
the most important, which are: rapid growth (favourable 
climate and soil) ; action of sunlight (open crop, especially on 
poor soil) ; tissue-tension at the base of branches (production 
in open, branchy crops), von Schroder, Neuhrand and others 
have j)rovod the following production of tannin 
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(e) Influence of Light.-— The eilects of exi)OHure to light 
Are seen clearly from the above ; too dense a crop, mixture 
with shadebearing trees, overshading by standards, etc., reduce 
the amount of tannin in the bark. Hchuberg states that the 
loss by overshading may be 85 per cent. Neuhrand, there- 
fore, recommends that oak timber should be grown on areas 
hot devoted to the production of bark. 

(f) System of Management. — Coppice, with such a rotation 
may be determined from the preceding paragraphs, is the 

^atem under which oak is grown to produce tanning bark. 

e bhe maximum yield of the beat quality of bark is desired, 
shoots are felled before rhitidome appears ; the rotation 
b-ahcirter the wanner the climate, it varies from 12 years to 


^ 20 in cooler diHiricte ; fertile soil has a similar influence in 
shortening the rotation. If, however, some timber also must 
be produced, as in many communal and private forests of 
Franconia and Wurtemberg, the rotation is raised to *25 to 30 
years, obviously at the expense of the bark. The shoots are 
felled close to the ground, the area being left clean-felled, and 
new shoots spring from the stools. If a few standards are 
left, or if some of the coppice-shoots (stannels) are left to grow 
for two or more rotations of the und(‘i wood, the shoots under 
their shade produce little tannin, so that such a system is not 
calculated to yield a profitable reiurii. 

(g) Condition of Crop.— A pure crop of oak gives the best 
quality and greatest quantity <d‘ hark ; all other species, 
especially rapidly growing ones, such as po])lar, birch, pine, 
larch, certainly yield valuable timber, hut I hey prejudice the 
quantity and quality of the hark, (trass or l>rooin denote 
either a poor soil, that sliouhl he devoted to a morc^ profitable 
crop, or had manageuuait. I’reference should he given not to 
a very dense crop, nor to a very open one; l.hOO lo 1,800 
stools })er acre form the ordinary crop. After two-thirds of 
the rotation are over, cleanings should he made to remove all 
other species except oak, also bent, poor oak-shoots that 
contain little tannin, as well as the weaker shoots in the 
stronger clumps. The evils of the removal of litter is not 
exhibited so readily in other forest systems as in oak coppice ; 
even without this disastrous {)ractice, many oak coppices on 
bad soil are soon exhausted by the repeated fellings, and by 
intermediate agricultural crops t-lhumes). Vasture also injures 
; the crop, but the lopping of leaves for fodder, practised iu a 
few districts in the Upper Rhine, is worse. 

From numerous data it appears that the hark of the best 
oak coj)piceB in South Germany and Austro-Himgary yield 
15 to 20 per cent, of tannin, secomUclass coppices 10 to 15 per 
cent., and third-class ones H to 10 i^er cent. In North Germany 
the yield is C to 10 per cent, of Unnin. 

2, llarveittiHg the Bark, 

The work 6f harvesting the hark may be divided into three 
parts, preparatory work, peelixig and ^ryin^. 



‘ ' ff 

<a) ]?reparatory work.— As has l)een staled already, in tiiosi 
oak-bark woods there is a mixture of other species with the 
oak. Partly in order to obtain more room and time for tiie 
business of peeling the bark, partly to avoid deterioration in 
value of the wood of the mixed species if it is cot during the 
season of growth, but chiefly in order to expedite the peeling 
operations, all the mixed wood in an oak-bark coppice is 
felled at ft snlhciently early date so that it may be removed 
from the felling-area before the peeling commences. This 
is usually during the winter l>efori 3 the peeling. At the 
same lime, in many ))laces, all oakwood that cannot be 
stripped, e])icorniic branches, and shoots growing more or less 
horizontally along the ground, are removed. In the Odon- 
wald, the side-branches are removed from the oak-shoots, as 
far as the woodcutter can reach with his billhook. 

When also cereal cro])s are cultivated, as soon as the mixed 
wood has been felled and the soil is no longer fn^zen, the first 
cultivation of the ground around the oak-stools is effected. Ihe 
sods of grass or heather thus loosened dry betU'.r than if ihe 
work was undertaken only at tlie end of the i)eeling, when the 
time for sowing is approaching. Whenever tliere are standards 
over the underwood, those intended to be felled are marked as 
soon as the mixed wood has been felled. The felling of these 
standards, if they are at all large, naturally stands over until 

tlie oak-coppice has been felled. 

(b) Season for PeeUng.— Oak can he peeled at any lime from 
May till the middle of July, but peeling hUouW he effected as 
800*11 as the buds liegin to shoot, which, according to locality, 
is from the end of April till the middle of May,* and at the 
first appearance of the foliage, the hark is peeled most easily. 
In extensive woods, as a rule, the work is commenced after the 
first flow of sap, as soQii as the bark is removable, and is then 
conducted as rapidly as possible: firstly, on account of the 
comparative ease with which peeling can he done early in the 
season ; secondly, so that the young shoots may mature them 
,wood before they become endangered by autumn-frosts, and 
. finally, because it is probable that there is more tannin in the. 

: • In England this is hom the third week in April tiU ah&t the thinl 

May, ill Scotland al'owt a month later. A, D, W^clwter, Practical 1- ort* ry. 
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bark in spring than in summer, after much of it has passeil'^ 
into the foliage and young twigs of the coppice. Theodore 
Hartig states that tannic acid is transformed into sugar soon 
after the foliage has appeared, this begins in the ]>uds and 
continues with the leaf-development. Tliis fact is evidently in 
favour of early peeling. 

The state of the weather has considerable intluenco on the 
peeling. In damp, calm weatlnjr, especially wlieii accompanied 
by light and warm sliowers of rain, the bark is peeled most 
easily early in the morning and late in tlie afternoon ; this is 
also the case when the soil is moist, rather than when it is 
dry : in windy, dry or cold w'eaiher and at midday during hot 
weather, peeling is difticult. The sessile oak is always peeled 
more easily than tlie pedunculate oak, but the latter may be 
peeled about ten days earlier than the former. Larger stems 
are peeled more easily at the commencement of the season, 
smaller stems at the middle and end of the season. 

In unfavourable localities, where damage by autumn-frosts 
is inevitable, the forester is obliged to abandon the whole first 
year’s crop of shoots. Then the injured shoots are either cut- 
back in the following March, making way for a stronger growth 
which repays the loss of the first year’s wood, or the peeled 
oak-stems are left standing till the succeeding winter ; then 
they are felled, and the succeeding crop shoots up early in the 
spring. This custom is^ followed in some valleys in the 
western Schwarzwald. 

[In order to be independent of the natural movement of the 
sap, H. Maitre, in France, in 1804, adopted with good results 
a system of peeling oakwood after steaming it, the wood being 
removed in billets with hark to the factory and there steamed 
in closed retorts, wlien hark is easily removed. This system 
was improved in 1871, by de Nonnaison, an engineer, who 
used for the purpose an apparatus weighing only 5 cwt., which 
supplies a blast of superheated steam. This is used on the 
felling-area, and by the help of three men and a boy, 15 to 18 
stacked cubic meters (10 to 12 loads) can be peeled in a day, 
and yield a tqn of bark. A load of wood and 180 gallons of 
J^water are use^, and the cost is about .4*2. The advantages of 
||thi» method are, that the wood may be felled in winter wh^ 
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labour is cheap, and that the hark can l)e removed and stacked 
in dry sheds in8tt‘ad of l>eing exposed to the weather on the 
felling-area. Pieces of woo<i also may be utilised which could 
not otherwise he peeled. The increased cost of carriage of the 
wood with the bark on has, however, to be considered.* 
Experience in Paris has proved that there is hardly any loss 
of tannin due to this method, and that the leather produced 
by tan from steamed hark is soft and lino, and excellent for 
saddlery, but not so good for the soles of hoots. — Tr.] 

(c) Method of Peeling Bark. — The hark is peeled either 
after the stems have been felled, half severed or knicked, or 
from standing stems. 

Peeling felled wood is the method prevailing in Germany ; 
it is followed in the Odeinvald, Franconia, the Palatinate, 
Baden, Wiirttemberg and many other districts. The w'ork- 
men, divided into small parties, commence felling the coppice- 
shoots, and should be careful to cut them smoothly and close 
to the ground. All the crop should not be felled at once, but 
only us much as can be peeled immediately. It ift reckoned 
that a skilful woodcutter can keep two men employed in 
peeling. It should be u rule, that every evening not a piece 
of felled wood remains unpeeled ; for only from wood which 
has just been felled can the bark he peeled readily, whilst 
from poles which have been lying felled for 24 hours, the 
hark can bo removed only by knocking it with a mallet. As 
soon as a lot of oak coppice- shoots has been felled, freed from 
tops and side- branches, and the parts to 1)6 barked set aside, 
the operation of peeling is commenced. This is done differently 
in different countries. In the Odenwald, the Palatinate, 
Wurtemberg, etc., the coppice-shoots and all other wood fit to 
be i)eeled are cut into round billets of the length customary in 
the district ; the workman then takes each billet and removes 
the bark, as far as possible, without tearing it. In order to 
do this, he lays each billet on a stone or log, beats it with the 
back of a small hatchet along a certain line, so that the bark 
opens-out and separates from the wood along this line. In 
: case the shoots are to be used in their full length, as stakes, 
for hurdle- wood, etc., they are supported at one end on a 

• op. eii. p. 105. 
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trestle made of forked sticks. In both cases, the bark 
stnpijed-off, either in meter-lengths or of the length of tl: 
billets. Only when the shoots are smooth and the bark easil 
removable, can beating be disiHinsed with ; the workman the 
severs the bark in a line along the piece of wood and peel 
the latter with his hands and with the peeling-iron. 

Ill I'raneonia, felled wood is barked differently, being er 
into lengths as billets, after being peeled. The shoots bavin 
been topped are arranged horizontally on trestles to facilitat 
the iieehng, and the bark is peeled with an ordinary kffife ii 



(Aftei’ l?oppe,) ImplemeiitH for peeling l^tark. 


longitudinal pieces, the full length of the shoots, without first 
being beaten, lliese strips of bark are then rolled together 

mto bundles 60 centimeters (2 feet) long and .TO centiLters 

in girth, and dried. 


In tlie lower Mam valley the shoots are peeled also before 
being cu into b. l ets, the bark being removed in pieces of the^ 
length of the billet, with the peeling-iron. Then all shoota' 
over 8 centimeters (3 inches) thick are sawn into billets, 
whdst smaller pieces are cut into lengths with a hatchet and 
their bark beaten with the back of the hatchet. The use of a 
eaw, inatead of the hatchet, saves much bark. 

I, The instruments used in peeling hark vary weaUv 



MSTH0D9 OF PKKUNO. 

districts, but are of an extremely simple character. 
I^he most important instrument is the peeling-scalpel (Fig. 846), 
piece of wood, or bone, shaped like a chisel at one end, and 
. about 20 to 30 centimeters (8 inches to 1 foot) long. [In 
' France this is made from the tibia of an ass or horse, with a 
sharp steel blade attached to its upper extremity (Fig. 346). — Tr.] 
' This simple implement is preferable to those made of iron, 
the best of which are : (Fig. 347) a peeling-iron used near the 
river Saar, (Fig. 348) one used near the river Lahn, (Fig. 341)) 
Wohmann’s peeling-iron. For felling and removing the 
branches of the shoots, the hatchet (Fig. 350) is used in the 
Odenwald, its back being also used in beating the bark; 
. Wolimann’s billhook (Fig. 351 ) is also an excelhmt instrument, 



especially for peeling bark from standing stems. The shock, 
owing to the beating, loosens the bark from th(^ wood other 
points besides those beaten, but the peeling is not always so 
easy that the hark can he removed in one piece from the wood 
merely after beating it on one side ; in that case, the billet 
must be turned and beaten all round, and the peeling-knife 
brought into play. In every case, however, beating tbe bark 
' is a rough operation, always causing a loss of tannin, for the 
cambium-zone which holds the most tannin, is crushed easily, 
^ and if rain should fall, much tannin is washed away ; besides 
this, the beaten places soon turn brown and become much 
sooner mildewed than when the bark is not beaten. Consider* 

: i»g that the loss of tannin, owing to beating, has been estimated 
|at about 20 per cent., it is desirable that beating should be 
r^bandoned as much as possible, and wherever it is obligatory, 
H should be iom with wooden mallets, and the shoot, 
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which 18 being barked, supiiorted on a broad log or stone, as 
is done in places along the river Moselle. The smaller and 
knotty shoots alM^ays must be beaten, as well as all the thinner 
branches, which in the Odenwald are peeled down to 
1 centimeter in thickness (*4 inch). 

Peeling nicked shoots is customary near J^urgen, Aschaf- 
fenburg and the Himdsriick ; it consists, as is shown in Fig. 852, 
in cutting the stem (h) half-through and peeling it, after its 
base (a) has been peeled standing. 

A considerable advantage results from this method as only 
a little heating is necessary. Then the bark is peeled, usually 
in long strips, as in tlu^ following method. 

Peeling standing shoots is employed at Lorch on the river 
Taunus, in some of the Schwarzwald valleys, many oak-bark 
districts of Austria, and in France almost universally. 
The hranchoH are lopped from the stem as high as 
the men can r(‘.ach, and a strip of l)ark 2 to 4 centi- 
meters (al)out an inch) broad is peeled either with 
the bill-hook (Fig. 851), or the peeling- scalpel 
X. (Fig. 848). These strips are rolled into loose 

J bundles and hung from the trees to dry. The rest 

m of the hark is peeled with a scalpel, without 

J girdling the tree, and is left hanging on the stem 

Fig. ar«.H, Generally a ladder is used in order to peel 

' the upper part of the stem. Thus the hark is not 
beaten, but that on the branches is not utilized. 

In many districts in Austria, all the bark on standing stems 
is cut longitudinally in strips, and these arc then peeled. 
It would be supposed that in peeling standing shoots they 
should first be girdled close to the ground in order to protect 
the roots from being peeled. Often this precaution is omitted, 
not without prejudice, as may be imagined, to the reproduction 
of shoots from the stools, 

[It is now customary nearly all over France in peeling 
oak-bark, to make a circular cut through the bark of the stem 
at a suitable height (say feet) from the ground and a 
situilar one level with the ground (Fig. 852) ; a longitudinal 
cut is then made between these two marks and the bark 
removed by means of the bone-scalpel (Fig. 84(>) in a single 
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forming a roll of l>ark, which can then be dried. 

; Another strip is removed, as high as a man can reach, and 
' then the stem is felled, and peeled in a similar mannor, as 
it lies on the grouhd.—Tr,]*’ 

It is not decided yet whether poling foiled or unfellod 
stems is preferable, although most fon'siers prefer the former 
method ; much may he said for and against either. It is 
contended against peeling standing stems, that it is not 
possible to use tlie bark on 
all ))ranches down to the 

thickness of a linger, for fre- * ^ | [ ' ''■* - 

quently the upper part of the 
shoots in this im^tliod is left 
unpeoled. ! At the same time, 
to peel standing stems is ad- 
vantageous in economising 
labour ; in hotter drying the 
bark, which remains hanging 
on the stems, and because 
beating is tlien unnecessary. 

The chief disadvantage of 
peeling felled stems consists 
in tlic fact that healing can- 
not he avoided ; in conse- 
quence, the hark depreciates 
in quality and mildews, the 
work is done more slowly, and 
there is a considerable loss 
of bark (about 2} per cent.) 

when the axe is used to shorten the billets ; whilst by peeling 
standing stems, the undamaged bark is obtained in a closed 
roll. 

As regards economy of labour, Neubrand states that a work- 
man at Lorch will peel daily from standing stems 24 to 4 cwts, 
of bark ; by beating, however, with difficulty, cwt. Neub* 
rand considers beating the worst method, the best being that 
in force in the forest-range of Insbach, near Donnersberg.,; 
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\ [This in not (he caw witU this iiMitbod in France.— -Tr.] 
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10 indies) is removed from standing stems, which are then 
felled level with the ground, hut the stumps not completely' 
severed ; the top is removed and peeled by fieating, whilst the 
bark from the rest of the stem is removed by the scalpel. 
Such a method is preferable to felling tlie wdiole stem before 
peeling, for the quality of the bark is not impaired, and the 
valuable upper bark can be utilised as well as in the other 
method. 

(d) Drying the Bark. — No part of the business of harvesting 
bark has such influence on its value as the way in which it is 
dried. Any neglect here may cause considerable loss. The 
ess rain falls on the peeled bark, and the more quickly the 
irying process is conducted, the better. Observations made 
oy Oanttor ^ show that rain may deprive the bark of 70 per 
sent, of its tannin, the relative loss being more considerable 
kvith rich hark than with inferior material. If the rain falls 
it the commencement of the drying process, it is chiefly the 
^ninin which is washed away; later-on, other soluble sub- 
dances in tlie hark, rndoubtedly rain is more disastrous on 
'reshly-peeled bark tlian on bark nearly dried ; hut tlie effect 
lepends also on the persistence of the rain. Tanners fear 
the effects of rain most on dried bark, but probably only on 
[iccount of its consequent loss in weight. The chief point in 
this work is, therefore, to effect the drying of the peeled bark 
in such a way that the almost certain spring-showers may 
[sauae it to lose as little tannin as possible, and mildew may 
Doi ensue, fl'he l)(5st conditions for drying are to isolate the 
bark from the moisture of the ground, to expose it fully to air 
currents and protect it from spring-showers. It would have 
the best effect on the quality of the bark if light sheds were 
erected in the felling-areas to keep-off the rain, lii Hungary, 
Transylvania, etc,, bark is hea]>ed on well-ventilated stages ; 
and protected from the rain and dew by large tarpaulins, 
mats made of reeds, corrugated iron sheets, etc. These; 
coverings are supplied, not only in rainy weather, but regu- 
|tarly every night to keep off the dew. In many places the^ 
pieces of bark piled like a roof, or in a pyramidal shape^j 
[iandeishUat fUr Waldetiseugnisse, XV. Vear, No. 17, 




Fig. 3r>0.--Methofl of drying bark. 

In the Khine-valley, drying on trestles is most usual, the 
bark being supported on stakes driven crosswise into the 
ground (Fig. 356). In this case it is necessary to place the ! 
^olls of bark bo that they overlap one another, and with the. 
I^g^de uppermost. The looser they are placed, and the fewer ; 



OF BABK ABO ITS OORB^IftJBlirWi 

j pieces there are on a trestle, the quicker they dry. This is 
undoubtedly a good method of drying bark, as it nowhere 
touches the ground. 

Whenever the bark is allowed to form rolls, tbe drying 
process is very simple, for generally tbe rolls are removed as 
soon as they are prepared, and left to dry in well-ventilated 
sheds. If the rolls of bark are not removed till the end of 
the felling, they should be piled in jjyramids of five to ten on 
the felling-area. The rolls nhould be tied loosely together so 
as to admit the air, but the middle of the rolls, enlaced by 
the withes, frequtmtly becomes mouldy. 

When standing shoots are ])eoled, dryiiig the bark does not 
give any trouble ; the Htrij»s of bark remain hanging on the 
trees, and roll-up to such a degree in drying that tbe inner 
surface of the bast is thoroughly protected against rain. The 
loose pieces are hung-iij) to dry on the top of the stems. 

Plvidontly the degree of dryness attained may vary con- 
siderably. Practically, besides the green bark, freshly stripped 
from the tree, traders distinguish air-dried from meal-dried 
bark. Bark is said to be air-dried, when, on bending, it l)reaks 
easily ; meal-dried, when it has lost all flexibility and become 
brittle. According to Baur, bark, in passing from tbe green 
to the air-dried condition, loses considerably in w eight ; it loses 
from 82 to 49 per cent., according to quality, that from the 
branches losing most w'eight, and coarser Biem-l)ark the least. 
The loss in w^eight, therefore, increases with the age of tbe 
wood, I.C., from the foot of a shoot to its top. In a similar 
way shrinkage of volume takes place, from 21 to 41 per cent., 
according to the part from which the bark is taken. 

In passing from tbe air-dried to the meal-dried condition, 
the bark loses in weight only 4 to 5 per cent., whilst it shrinks 
in volume 11 to 20 per cent. Schuherg found a loss of weight ^ 
of 85 per cent, for bark passing from the green to the 
air-dried condition, and a further loss of 14 per cent, in 
becoming meal-dried. 

8. Assortments of Bark and formation of Sale-Lots. y 

In estimating the yield of bark, greater care than is usually;, 
hestow’ed . should be given to the business of assorting the.barit • 
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according to quality; the forest-manager should go beyond 
customary limits of assortment, and have at any rate two 
classes of silver-bark, for these are the lots which determine 
the value of the produce. This is both in the interest of the 
forest-owner and of the purchaser, and will materially decide 
the results of the sale. • 

Dry bark is sold differently in different places. Usually 
larger or smaller bales of it are prepared; or, as in Franconia, 
it is made into round bundles. 

In the Ilhine-valley, three sorts of bark are recognised: 
silver-bark, seconds and coarse bark. Silver-bark {GhuKriitdcy 
Spiefjelriude) is the bark cut from shoots up to 8 centimeters 
(3 in.) diameter, in Wuriemberg, 12 centimeters (4J in.), when 
measured unpeeled ; seconds {Haitclrinde) is from stems 8 to 25 
centimeters (3 to 10 in.) in diameter, in Wurtemberg (4^ to 
10 in.), also the smooth bark from the branches of these 
stems ; coarse bark {(irohriitde) is from branches and stems 
exceeding 25 centimeters (10 in.) in diameter. Silver-bark is 
also subdivided into three clifBseB, No. 1, that from the lower 
part of the stem, No. 2, from its upper ])art and No. 3, from 
branches. The third class is, however, the richest in tannin, 
sometimes tbrice as rich as the first class, although traders 
value them in tlu; inverse order. 

The hales of bark are of various dimensions, according to 
locality. In some of the llhineland districts large bales 
weighing 80 to 85 kilos (say 70 to 80 lbs.) are usual, which 
hardly can be carried by a man. Tanners prefer the hales to be 
about one meter long and of the same girth ; these dimensions 
are obligatory in parts ol South Germany, and each bale then 
weighs about 15 kilos (34 lbs.). 

As soon as the bark is dry, it is made into bales ; this is 
done either by hand or in presses. The important points in 
both cases are to give the bale its proper dimensions and fasten 
it securely so that it may withstand the shocks of ordinary 
transport without ojxsning, or the loss of any hark. Whenever 
tlie bark is dried on trestles (Fig. 356), the bale is tied as it 
lies on the trestle. The presses used in the Odenwald are 
made as follows four stout peeled stakes are driven in pairs 
into the ground at distances somewhat less apart than the 
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the withefi and the bark are laid on the ground. Large rolls 
of bark are placed first and piled on either side between the 
stakes. As many smaller pieces of bark as a man can take 
in both arms are then placed in the press between the large 
rolfe of bark, until the bale has become about the right size, 
when large rolls of bark are placed on the top and then the 
bale is fastened by means of withes, iron wire, or manilla 
hemp. The whole exterior of the bale consists of the larger 
rolls of bark, the smaller jueces being inside. The fastenings 
should not be too tight, or the bark may crack and break into 
pieces, and the bah? become loose; this is important, con- 
sidering the distance to which bark is sometimes transported. 
Generally the large external rolls will stand fairly tight 
fastening. 

The ])(iele<l wood is stacked in the usual manner. 


4 . Side 0^ Bark. 

No forest produce is sold so variably as tanning- hark. 
Taking into consideration whether the sale is left chiefly to 
the purchaser, or conducted by the forest-owner; the chief 
kinds of sale are : — of the coppice, by area or unit of produce; 
and of the converted material, by weight or volume. As 
regards the public or private nature of the sale, sale to the 
highest bidder is the rule; but although to the apjiarent 
prejudice of the forest-owner, sales by private contract are 
not unusual, often before the market-prices of the previous 
year's bark are known. 

; (a) Sale by Area. — The mature coppice is subdivided into 
larger or smaller lots, and each lot, both wood and bark [oi 
these separately.— Tr.], is sold to the highest bidder. Th« 
purchaser of a lot converts both wood and bark at his own 
risk, subject to certain sihucultural conditions imposed on him 
at the sale, and endeavours to di8j>08e of the produce to the 
best advantage. 

As by this method it is impossible to form any correct 
estimate of the value of the crop, it should be absolutely 
abandoned. At Hirschhorn. a sale-conditinn ir AnfnrAAd nn 
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Ih^ purchaser of the lots of coppice, that he should sell the 
bark at a fixed price i^er cwt. to the tanners. 

Similarly, some sales are conducied whicli provide that the 
forest-owner shall have the converted ^YOod and tlio purchaser 
the hark, after the latter has converted both the hark and the 
wood at his own cost. Tliis is one of the most usual modes of 
sale and is very convenient, though n(»t alwavs most prolltahle 
for the forest-owner : for, althougli the felling and conversion 
is effected under the supervision of the forest staff, and the 
purchaser’s workmen must submit to silvicultural rules, yet 
they study the interest of the purchaser rather than that of 
the owner. Good supervision may, however, remedy matters 
in this respect. 

(h) Sale by unit of Produce. — In this mode of sale also, the 
price of the bark is arranged before it is harvested, but the 
felling and peeling is undertaken and paid for by the forest- 
owmer. This mode of sale is far j)referahle to those described 
under (a), and is generally the best to adopt ; tlie workmen 
are engaged by the forest-owner and will see to his interests, 
and the conversion of the wood \Nill luj arranged more 
profitably, as firewoodf or timber for agricultural purposes, 
according to the rcHiuirements of the case. There is here 
nothing to interfere with the best possible harvesting of 
the bark, and the maintenance of its (juality ; for if the 
workmen are paid by piecework, according to the weight 
and quality of the bark, their interest in tlie matter will Ije 
enlisted. 

This mode of sale has been adopted recently in several 
places in Baden, Wiirtemberg and the Palatinate, and in parts 
of Prussia. 

(e) Sale of Converted Material. — ^Another possible mode of 
sale is when the forest-owner converts both wood and bark at 
his own expense and sells the produce afterwards. This 
method is adopted rarely ; it is mentioned here only in order 
to show how necessary it is to arrange for a purchaser of the 
bark before the felling. If, however, forest-owners were to 
provide large sheds for drying and keeping the bark, the trade 
firould benefit, and this would lead to the whole bark-harvest 
l^ing oondueted by the forest-owners. 
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5. Measures for Bark, 

In Belling bark-coppice by area, it is important to know how 
to estimate the quantity of bark that has been harvested. 
This may be done by measuring its rough volume; by weight; 
or indirectly, by measuring the volume of the barked wood, 
from which the yield of bark may be determined by means of 
experimental ratios. 

Measurement by rough volume is done by the bale. 
Although this method has the advantage, that the bark can 
be removed as soon as it is sufficiently dry, and there is thus 
little danger of any loss of tannin, yet it affords for both 
purchaser and seller such an uncertain measure of the yield, 
lat it is employed only to a limited extent. If measurements 
re to be made by bales, not only the length and girth of the 
ales must be nearly uniform, but also the bark must be packed 
niformly in each bale. 

The best, and at present, the most usual sale-measurement 
} the weight. As soon as the bark is dry it is packed in bales 
nd weighed in the forest by means of a steel-yard or spring- 
alance. Everything then depends oh the degree of dryness 
f the bark, for green bark must lose 40 to 50 per cent, of 
?ater to become air-dry. In the interest of the purchaser, 
lowever, the bark must not be kept in the forest a day longer 
han is necessary, owing to the danger of a loss of tannin. 
Uihough one might anticipate disputes between seller and 
)urchaBer as to the proper date for measuring bark, yet 
sxperience proves that this seldom happens. A prudent 
;anner will allow the bark to remain in the forest no longer 
than is absolutely necessary ; he knows that it is more to hia 
interest to pay for the bark when somewhat moist than to risk 
ita being washed badly by rain. 

The third mode of measuring bark consists in measuring 
the peeled wood, and assuming that its volume will bear a 
fixed ratio to that of the bark which has l>een harvested. Tto 
custom is followed always in Franconia. It cannot be denies 
that this method has certain advantages, as it sa^^ labour 
and avoids inconvenience, but to it is attached the 
4t8advantc^ that the ratio between wood and bark varid 
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r every season, and neither purchaser nor seller can be certain 
how much bark has been bought or sold. It may be suggested 
that an average yield being maintained matters will adjust 
themselves in a few years’ time ; but on the whole the forest- 
owner will lose, for generally as long as a purchaser is 
uncertain of the amount of bark he will obtain, he will hid 
below its proper value. This is, therefore, the most rough 
and ready of all measurements. 

According to Baur, the average ratio of tlie bark in ewis. to 
the peeled wood is as follows :~()ne stacked cubic meter 
(85 st. cub. ft.) of peeled vNood will yield — 

Silver-bark 0*91 cwt. 

Seconds . . . 

10 years old stem bark . . . 1*45 „ 

25 „ „ „ . . . 1-95 „ 

(5. Yield of Jiarh'-Cojtpiee, 

Jeiilscli * has calculated the avwage yield per acre of ))ark- 
cojjpice in Germany for various rotations and qualities 
of soil af> follows in cwts. of hark : — 
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A. Bernhardt gives tlie following quantities of wood in solid 
cubic feet per acre : — 


Qii.tltly Iir Crojj. ^ Cub. ; 
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Jentseb OtT i}euttsch«! Kicbeiu^iiilwald a. wine ZuknnCt. Berlin, IS90, 
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7. Present Condition of Revenue from Bark-Coppice, 

During the last ten years complaints about the depressed 
condition of bark-coppices in Germany have increased. The 
monopoly of the market, which, according to Jentscb, it 
claimed formerly, has gone ; the tanners now dictate the ])rice 
of bark. This revolution is due to the combined action of 
many unfavourable causes, of which the following are the 
most important :■ -An enormous increase in the leather 
industry, now amounting to about ten million hundredweights 
of hides, requires far more tan than Germany can produce. 
Hence there has been a great import of tanning products, viz., 
oak-bark from France, Austro-Hungary, Belgium and Holland, 
as well as of tanning materials from other countries. As a, 
’esult the price of oak-bark has gone down, so that practically 
»he revenue of badly situated or badly managed bark-coppices 
las disappeared. The imported materials are either better 
)r cheaper, or they are extracts that allowed tanners to give 
Ip tan-pits, and shorten considerably the period re(iuired 
■or tanning leather. Besides this, several kinds of chemicals 
tiave rendered tannin no longer essential for leather- manu- 
facture. The cost of working the bark-coppices' has steadily 
increased, 

Jentscb* states that at a price of 4«. 6d. per cwt., with 
16 years’ rotation, interest being reckdned at 3J per cent., 
the annual revenue of an acre of bark-coppices varies from 
10«, M, toi first quality, to Is. id. for fourth quality, while at 
a price of 3«. 6d. per cwt., they are Is. 2(f., to zero. 

Taking one agricultural crop off the land after cutting th$ 
eoppice does not improve the revenue, taking two crops yields 
from 6d. to 2«. per acre ; but on the other hand those crops 
deteriorate the soil, and it is uncertain whether the loosening 
of the soil and the consequent improvement of the 8hoot| 
compensate for this, or not. Jentsch asserts that on a gooiS 
soil and by good management (Mayr adds, with a suitably 
climate) oak-coppice is still a paying concera, and that 
retoms are due to bad maiif^ement. [In 850 acres of oai| 
oopi^ near Tavistock, where climate, end soil are suit^ 

** Oer Dettbwke Kichexuchilw^kW % mm ZvOtuoft. 
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and the management good, only 2 /j. Od. per acre is obtained 
ior 25 years’ growth of bark-coppice, wood and bark, the latter 
selling at i*3 15«. Od. a ton, my 3«. ^<L per.cwt. — Tr.] 

In Germany it is impossible to put such a heavy duty on 
imported tanning materials, that tlie indigenous production of 
oak-bark, worth annually i‘4, 500,000, can la^ aided ; for the 
value of the annual production of leather is about i'30,0(K),000. 
Hence the future of the oak -coppice depends solely on improved 
manageme-iit. This can he edecbal in two ways : Improve- 
ment in the condition of the coppices, ho that more bark of 
better cpiality should be produced; also by improving the 
methods of harvesting and selling the bark. 

Ah most of these coppices belong to communes and private 
owners of small estates, it is difficult to improve them, for 
this cannot be done unless the managers have the requisite 
technical kn()\s ledge. If tlie owners of oak-coppice would 
co-operate in the management of large areas, and would intro- 
duce cleanings, Ihinniugs and soil-improvement, while the 
bark is harvested and dried propcady and the middleman 
abolislual, some improvement might be elTected. 

On inferior soil, in localities with cool climates, or on cold 
aspects, oak-coi)picc is doomed; it must bo abandoned in such 
places, and more remunerative systems of culture introduced, 
either by means of agriculture, or by growing trees for w^ood 
and not for hark. High forest of hroadleaved trees, or of 
conifers, [coppice-with-standards of ash or chestnut under- 
wood, and larch, poplar, oak and ash standards. — Tii.] are 
suggested. It is not within the range of forest utilisation to 
propose here any general measures of national forest-economy. 

Skctiun IV. — The Bark of Old Oaks. 

As the tanner will pay only a very moderate price for the 
bark from young oak-tree.s, he cannot be induced easily to 
utilise the inner bark of old oaks or other trees ; considering 
that their cortex and bast are relatively poorer* in tannin than 
that of oak coppice-shoots. 

• The cortex and bast of oaks, 40 to 50 ymra old, according to is as rich 
tannic acid as that of oak-cf»i>pice, provkted all ct^rky substance is excloded. 



in Bome districts in Hesse and Hanover, old oaks are peeled'^ 
standing in tbe spring, left standing till winter and then felled* ; 
This method [also emjiloyed in the Forest of Dean.— Tr.] gives 
superior timber to that felled in the spring. As a rule, in^ 
Germany, bark fs peeled from old oak trees after they are 
felled, and here also only as many trees should be felled as 
cun be ])eeled in a day. Tbe men engaged in‘ 
peeling, who arc employed usually by tanners, or 
merchants, follow close on the woodcutters. [In 
Britain, the trees are peeled partly before being 
foiled, and the woodcutters, who do all the work, ^ 
are paid for both operations according to the 
quantity of bark they obtain. — Tr.] 

The workman makes a cut down tbe stem and 
tbrough tbe bark witli tbe barking-iron (Fig. 857). 
Tbe bark is then peeled in birge Hat pieces by 
means of tbe iron and the workman’s liands. It 
can be removed rarely without constant beating. 
’Wbcrever tbe bark is sold stacked, tbe pieces 
are cut to tbe required length (say one meter), 
Tlie less common method, of peeling standing 
trees, is easier to effect, although ladders are 
required. 

The most troublesome part of the work is to peel 
the crooked knotty branches, which always must 
be beaten. Sometimes, instead of the barking- 
iron, the common felling-axe alone is used. li 
Fig ^>7 weather is favourable an experienced workmar 

^hulking-iron. ^ bi a day. Trimming 

the bark, however expensive it may be, increases 
its value greatly. The more thoroughly the cnicked anc 
dead outer bark, or rbitidome, which in old trees forms 60 t( 
00 per cent, of thq bark, is removed from the inner and moi:< 
sappy bark, the more valuable will be the produce ; the per- 
centage of tannic acid in old bark would not be so low at 
’ compared with young bark, were all the hard outer burl 
[removed. Wherever trimming is done it should precede peeling 
; and is effected best on standing trees. 

' I The peeled hark is carried to a neifithbouriniz blank 1 
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be dried. For this purpose usually it is placed horizontally 
on a stage made of poles, with the cambium side downwards 
to protect it tigainst rain. As soon as it is dry it is piled like 
firewood between stakes, being well trodden down in the 
stacks. If, as is usually and most conveniently the case, thel 
bark is sold in stacks, they should be made by an employee of 
the forest-owner ; in Wurtemberg, bark is packed in bales for 
transport. The bark may be sold also at so much a tree. 

A stacked cubic meter of old oak-bark weighs UK) to ‘200 
kilos (4 to () cwt. per load of 50 cubic feet) and more, according 
to the amount of moisture it contains. More fresh bark than 
dry bark goes to a stack, for it is easier and softer to pack in 
the former case. 

Sale by the amount of peeled w(K)d is more uncertain than 
in the case of young bark, owing to great variability in the 
proportion of bark to j’eeled wood. There is nearly as much 
tannin in tin; branches of trees as in coppice-shoots. 

[In England it is considered that I ton of bark comes from 
120 cu])ic feet of wood, and at a ton, the value of the bark 
pays for the felling and leaves some margin of profit over. 
Bailway-compaiiies also charge for the bark that is on the 
logs they transport, so that peeling reduces the freight. In 
France, only standards over coppice are peeled, not high forest 
oaks.—Tr.] 

Section V. — Spruck-Bark. 

Spruce-bark is harvested much more extensively than old 
oak-bark, and in eastern and southern Germany and the 
adjoining Austrian districts, when mixed with Knoppern galls, 
valonea and silver-bark, it is used largely for tanning. It can, 
however, be used only in the preliminary stages of tanning, or 
for tanning thin skins ; thick skins are tanned with spruce- 
hark only when largely mixed with other tanning materials. 
'48 most spruce forests are in mountainous regions, where, 
account of the climate, summer-felling prevails, and the wood 
must be ^peeled, owing to the danger of insect-attacks and the 
necessities of transport, many of the difficulties which occur in' 
eliiiaing oak-bark are avoided. 

order to obtain spi^ee-bsrk, the felled stems, after being ; 
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out into Baw-mill butts, are peeled with the barking-iron or the 
axe, so as, if possible, whenever the log is not too thick, to 
remove the bark in one piece. The men, however, prefer 
peeling firewood blocks a meter long, to peeling heavy logs 
#Md butts. The bark is spread out on poles or placed on an 
incline to dry, | arranged as in Fig. 858, tlie roof-like 
structure thus fo..*ned being covered with numerous other 
pieces of bark, and tlius secured against the rain. In sotting- 
out the pieces of bark to dry, they are bent outwards so as 
almost to lireak along their middle line, in order to prevent 
them from rolling up, otherwise they would not dry thoroughly. 

As in all trees, the bark of young spruce contains more 
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tannic acid tl an that from old trees: and the bark of trees 
grown wide apart, or in the open, and of trees exj)(>8ed to the 
south or along the borders of a forest, is richer in tannic acid 
than those under opposite conditions. 

In most countries dried spruce-hark is stacked like ordinary 
firewood and sold hy the stack ; a stacked cubic meter (35 cubic 
feet) contains 0*3 cubic meters (10 cubic feet) of solid hark. 
Well-stacked, smooth, middle-aged spruce-bark, when air- 
dried, weighs from 150 to 175 kilos per stacked cubic meter 
to 5 cwt. per load of 50 cubic feet). It is ‘sold also by the 
tree, by the hundred rolls, by the volume of the barked wood, 
or by tlie drying stack (Fig. 358) containing 12 to 15 pieces 
hark, helling by the amount of peeled wood is the simplest 
method, provided sufficiently accurate ratios between the wood 
and hark have been ascertained ; for wood 80 to 100 years oldi 
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this rittio is as 1 to 8 or 12, averaging 1 to 10. In younger^^ 
wood the ratio is more in favour of the bark. 

Section YL — Biiu h-Bauk. 

Birch-bark is more in use for tanning in the North of 
Europe, especially in Russia ; in Germany, hitherto, it has 
been used only expermientally. Jt contains mndi less tannic 
acid than oak-bark, and even than that of spruce, hut in the 
north repays harvesting owing to the absence of oak. In 
Germany, it is not used for tanning, but for macerating sole- 
leather, with the object of opening the pores of the leather 
and preparing it to receive tannin. Leather tanned with 
birch-hark is softer and less water-tight than that tanned with 
oak-bark, but it has a lighter colour and a better appearance. 

Birch-bark is harvested in the same way as oak-bark, it can 
be peeled only about a fortnight later than the latter, though 
the hirch shoots tirst. ll is easier to peel old lurch trees than 
young sti'ins and branches, but they are not nearly so easy to 
peel as are oaks. The few data regar<liiig hirch-bark give 65 
to 80 kilos of air-dried bark for a stacked cubic meter of peeled 
bircli billets, from trees 20 years old (say 2 cwT. of bark per 
load of 50 cubic feet of wood). 

Section YIL— Lauch-Bakk. 

Larch-bark is harvested seldom in Germany, but is used 
extensively in Russia, Hungary, and Austria for tanning. 
Accordingly to Wossely, in the Carpathian Mountains and the 
Alps, it is preferred to the hark of spruce and Viirch. Trobably 
it is unsuitable for tanning sole-leather, but deserves con- 
sideration for tanning calf-skin and when added to other 
tanning materials. Owing to the straightness and freedom 
' 1 branches of the larch, it is peeled more easily than oak. 


Section VIIL — Willow-Bahk, etc. 

Willow-bark contains a considerable amount of tannic acid/ 
Besides Salix Cnprea and S, alba, the so-called osier-willows 
I|re,be8t in this respect. According to data luniished by the 
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■ Moscow Academy, mo quanuiy oi tannic acid in wiiiows varioa , 
between 8 and l‘i i>er cent. In Russia, it has for a long time 
been customary to use willow-bark for tanning, especially in 
preparing that fleixihle, water-tight, shining upper leather, for 
which Russia is so famous. The pleasant scent of Russian 
leather is due to soaking it with birch oil, distilled from the 
white hark of l)irch. The well known Danish glove-leather 
iH also tanned with willow-hark. In Genuany, little use has 
hitherto been iuade of \sillow-bark, probably on account of the 
small quantity grown. 

iTxdingh from osiers are dried in loose heaps and used for 
tanning, as liU(‘r for cattle. 

Kven tlm hark of the black alder is used for tanning, its con- 
tents in tannin vur^ ing from H to 20 })er c(uU. iKilner, Post, 
Co\nu*lei0. In spite (d its liiglj percentage in tannin, tlie use of 
a!<ha*-liark is hut limite<l; th(5 lanuing liquid decomposes rapidly, 
and the leather is hard and brittle, and of a dark colour. 

Of foreign harks, that of the Americini red oak 
ruhru) is poor in tannin that it is unsuiled tor hark ctq)pice^ 
The harks of Doiiglas-tir and liemlock-siUMice are, howevej 
very rich in tannin, so lliat even on this account their 
introduction to JCurope is vaUiahh'. 


S Ei'TION IX . — C KLia: IA)S K . 

Cellulose from hark, cither rhilidome or hast, resemhles wood- 
cellulose in its const ituonts. Bast-ccllulose is characterised by 
greater durability than the other cell-formations in hark, so that 
the hast-libres may be separated by maceration. When they 
occur in clusters, owing to tlieir toughness, they may he obtained 
almost pure by heating the hark. IW twisting these bundles, 
they make excellent binding-material (hemp, flax). Even the 
fine fibres of the pal of the cotton-plant [Gom/pitini) consist oi 
pure cellulose. These forms of cellulose are made into paper, 
Among trees and shrubs, which contain utilisable cellulose 
in their bark, the following East Asiatic paper-shrubs maj 
lie cited: Ed{feicorthia, IhoimonHia, IVichtmuM^ DaphtUi 
Bkimmia, etc. The first two are cultivated like osiers, and th« 
cellulose in their bark made into paijer. v 



, For thi^;pnrpose, the shoots are steamed, and the bark 
stripped frbm them and placed in water- tanks till all tissues 
.^xcept the bast-fibres have rotted. The cellulose is washed in 
water, finely divided and separattal by lino sieves made of 
split bfinihoos, so that it forms a thin layer on tlie sieve. 
After the water has drained away, the thin nheots of paper 
are taken otT the sieves and laid on planks to dry. Owini^ to 
this luetliod of preparation, the cellulose fibres lie alonj^sido of 
one another in the direction of the lines of meshes in the 
sieve, so that Japanesti paper can he torn strai<;ht only in one 
direction and diflers thus from pa})er made of wood or rags. 
The manufacture of this bark-paper is very important, for in 
Japan, paper is employed frequently in place of woven inalerialB.j 

Species of limes contain useful cellulose in their hark, for 
the hard bast-bundles are grouped there tangentially, aiid 
fa zone of bundles is formed yearly. As tlie soft bast lies 
hetweiui these hiindhjs, they can torn in stri[)s from the 
U>ark. In order to obtain pure lime-bast, the bark must be 
fi^iaceniled in wnttu*, till the softer tissue's rot and tluj bast- 
§(b?Uidles alone remain. 

p, Jn central France, especially in Chantilly, there are lime- 
^'coppices for supplying bast, with rotations of 15 to 25 years. 
kAlso, in .Russia, tlie lime is utilised for bast, which is stripped 
%rom the trees. It is made into coarselv woven material, into 
sacks, mats, protection coverings, etc., and is used also for 
binding, but for this purpose raflia-libre is more .suitable. 

Species of elms also contain utilisa))le fibre. 

Section X. — Cork.* 

It has been stated already that cork is formed by a meristem, 
the cork-cambium or phellogen, but that for most woody 
species tlie cork is very thin and is soon displaced by rough 
tork, rhitidome. Only in very few species does cork attain 
^ considerable thickness, by annual formations, resembling 
liinual zones of wood. Where cork is only in ridges or 
prominences on the shoots or stem of a plant, it.s only use is 
ornamental (cork-elm, field-maple, XanthoxyUm, etc). When it 

. * Boppe, '‘Clours Ue technologie («restj?jrc.'’ 1HS7. Mathoy, “ Exptittation 
i^mmerctalc Utjs biMs.*’ 
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surrounds the whole stem and is not replaced by ^hitidome, 
as in the cork-oaks of the Mesteidy Mediterranean countries 
(south France, south Spain, Portugal, north Africa (including 
Tunis), Corsica, Italy, Sicily and Greece), a material is pro- 
duced, which in its special qualities, elasticity, lightness, 
softness, durability, impenetrability by gases and spirituous 
liquids, can ])e replaced i)y nothing else. 

Cork (sLiberin) is distinguished from w’ood by its higher 
contents of carbon and hydrogen; its chemical composition is: 

C ... GG per cent. 

H ... 8-/> 

0 ... 22-8 „ 

N ... 1-9 „ 

The tliin-walled cells of cork do not consist entirely of 
subcrin, hut this substance is stored in large qinintities in the 
fine skeleton of lignin and cellulose of their walls. Every wall 
couiinon to tw’o cells contains a lignilied medial lamella, on 
both sides of which is a purely suherous layer, and on thisj 
forming the innermost coating of the cell, is a thin lamella m 
cellulose. The layer of cork is the thickest of the thi^ 
lamellae; only in thick- W’alled cork-cells (re.semhling late-wtSd 
and formed as late-cork in autumn), does lignin prepond eratej 

The tw’o oaks {(Jnervus Snher and Q. occidentalitt), in th4 
countries already referred to, are subject lo a regular system 
of management : the first layer of cork (male cork) is full of 
cracks, unevenness, iinjiurities and stone-cells, and is therefore, 
of little use. AVhen the trees are about 20 years old this cork 
is removed by means of a sharp triminiiig-axe, so that the 
phellogen below is uninjured. Then the phellogen produces 
annually fresh fine layers of cork with visible annual rings. 
This useful, female cork is cut off in layers surrounding the 
stem and a meter long, every 8 to 10 years. In a young tree 
only the lowest section is removed, next time another highe/ 
section as well, and so on, till the bougiis are reached and are! 
also stripped of cork, Jn order not to endanger the life of a 
tree, eventually only one section is stripped in a year. The; 
starips of cork are pressed Hat an sold. Corks are cut from 
^ these strips, parallel to tlieir leu^bh. Thin strips of cork 



used in collections of insects, for lining boots, etc. ; the male 
cork is used for floating nets, for decorative purposes, and 
ground cork is used in the manufacture of linoleum. 

There are about 48 trees per acre, yielding yearly about 
1 cwt. of cork ; as the price is about id a pound, B7«. an acre 
gross-revenue is obtained from cork-oak forest. 

[According to Mathey, there are 425,000 acres of cork forests 
in France, a million acres in Algeria and about 200,000 acres 
in Tunis. There are also important cork-woods in Morocco. 
Portugal produces the most cork ; there are cork-oaks also in 
^Corsica, Italy, Sardinia, Sicily and Greece. — Tr.] 

It remains to be seen whether useful cork can be obtained 
from Phellodendron amiornsi' and Quercns rindddliHy from 
eastern Asia, 



Fig. oak, Bayonne. Male cork above, female cork 

below. fA. Hetirv.'l 



OHAPTEB II. 


tJTILIZATION OP THE FRUITS OP FOREST TREES, 

OwiN<} to the present great development of the artificial 
reproduction of trees, the harvesting and prejmration of seeds 
is of special importance. This business is carried on exten- 
sively by seedsmen, whose enterprise is occupied chiefly in’f^ 
the collection and preparation of coniferous seeds. 

It is proposed here to deal first with the characteristics of 
seeds, then with the conditions under which our most impor- 
tant forest-trees fructify. A number of factors determine the 
fertility of the tret3s, or the non-production of seed, and these 
require our careful consideration : such are the seasons of 
ripening and of the fall of seeds ; methods of harvesting seeds 
and their subsequent preparation ; storing seeds, estimating 
their value and selling them, for sowing, fodder, for making 
oil, etc. 

Section L— CiiAii.veTKaisTics of Seeds. 

The fruits of Oaks ((Jucrais)^ acorns, are borne on a nipiday or' 
cup, that is composed of scale-leaves ; the ripe acorn separates , 
from its cup. In white oaks {Q. pcdtincuJtiia, (j. sessiHjlorai 
etc.), the acorn ripens in the year of flowering ; with dark oaks 
ruhra, (*>. Cerris, etc.), in the year following the flowering j' 
seed is not fugitive.* The seed of Beech {Fatjun) is!; 
triangular in section, with a leatliery brown shell ; there are,; 
usually two seeds, rarely only one, entirely enclosed in 

which opens in four lappets ; the husk of the fruit, 
trhen ripe, bursts iu dry weather, so that the unfugitive seedfC^ 
fall to the ground. The seed of the Ash {Fraxinm) is lou|f| 

n 

\ The word wed is uschI here iudifferontly for seecJ or fruit, in accordandetl 
with eccmomic usage. Winged seeds, or fruits, are blown by the wind, as is 
;pmoliute ; ihey thus may reach a considerable distAD<re from the parent tre^^ 

Kttch «>«ls are terme^ Itegitiw, while heavy seeds are unfugit?:^ 

■■ 



^3 fiat ; it broad6ns out at one end into a spatula-like wing ; 
it is a fugitive samara, and may bo blown off by dry east 
winds immediately after ripening, or later, in winter, by 
westerly winds. The seed of Mapl^ (.h-rr) is a nut with a 
long stiff wdng at one end ; the seeds are united at their 
bases; they are blown from the trees hy dry winds. The 
seed of Hornbeams (Carpinus) is a hard nut, surrounded 
by a tri-partite scale, and therefore winged ; at first the seeds 
are removed from trees hy the wind, later on hy their own 
weight. The seeds of Limes {Tiliu) are nuts, tlieir stalks 
being united to a stiff, scale* leaf, wliich nmders them fugitive, 
when the wind is strong. 

In Birches {Be tula), the little seeds with winged borders 
are samaras, attached with alternate tri- 2 )artiie scales in cat- 
kins or cones, the segments of which fall (white birches), or 
the cones open (yellow birches), so that the seeds are released. 
They are blown to great distances hy the wind. In Alders 
(Alnus), the scales of the cones are lignified and liard ; they 
split when dry, and the small fiat and scarcely fugitive seeds 
fall out. 

In Willows {Saliv) and Poplars (Populm), the hairy seeds 
are formed in a capsule, which ))urstH when ripe, so that the 
very fugitive seeds escape. In Cherry-trees (Prumis), species 
of Pyrus [such as P. Aria, whiteheam; P, tormiualis, wild 
service-tree ; P. Aucuparia, rowan ; P, Sorhm, the true service- 
tree, and the wild pear, medlar, and crab-apple tree. -Tr.], 
the seeds are surrounded by a fieshy fruit; after the fruit has 
fallen, it decays and sets free the seed. The same is true for 
hawthorn seed {Cratae(jV!<). 

Sweet-chestnut (Castanca) has a large seed, that is sur- 
rounded by a spiny cupula ; either the entii'e fruit falls wlien 
ripe, or the seeds fall from the husk ; the huts of species of 
^alnut and Hickory {Juglans and Hivuria) are surrounded 
fcy green husks, wdiich open on ripening. 

The seeds of PapiUonaeeae {liohinia, Gleditsia, etc.) are 
enclosed in a pod; when this opens, the seeds fall to the 
^ound, or the pods may fall with the seeds in them. 

' : The seeds of Spruces (Picea) are formed in the axils of the 
^^es of pendent cones; a few months after ripening the 
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scales open in dry weather, and the small brown seeds escape ; 
the seed lying in a spoon-like depression of the wing is fugitive. 
The seeds of Silver-flrs (Abies) and of Cedars (CiArns) are 
free, as the upright cone breaks in pieces when rij)e ; the seed 
has a wing that is fixed to it firmly. 

The seed of Douglas fir {Pseudotsiu/a) resembles that of 
spruce in its mode of formation and escai)e from the cone ; 
it is fixed firmly to the wing, as in silver-fir. Larch seed 
(Larix) is formed in upright cones, so that wlien the latter 
are dry and open, the seed cannot escai)e by its own weight; 
a continued exposure to wind and rain, as well as to strong 




1. Silver-fir. 



• ♦ ♦ 
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Sj'eds projiimnl f(ir sale. 

Kijf, 3(U>. 

2. Scotch piuc, a. Lurch. 4. Spnice. 
(Drawn by li. S, Troup ) 


gales, is retpiired, in order to set it free from the cone 
(Weise), the little seed is attached firmly to its wing. In 
Pines {Phius)f cones of the section Pinaster open their scales 
a few months after ripening, in order to set free the seeds, 
which are encircled loosely by the lower ends' of their wings. 
Pines of the section Strobus, Weymouth i)ines, possess a seect' 
that is attached to the wing on one side only ; Cembran Pinai 
have only a stump of a wing on their seeds, which therefore 
knot fugitive; [the seeds of Pinus IHnea, Cewhroides, edvlu," 
Monophylla apd Oerardiam are large and edible. — Tr.]; iri'-; 
all pines seed ripens in tLe year alter the, flowering^ 
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Cypresses, as well as Thuya and Chamaeoyparis, form their 
small, slightly- winged seeds in little cones, or strobiles, the 
scales of which open soon after they ripen ; in Junipers the 
scales have grown together into a berry ; in Yews {Ta.rnH) the 
nut-like seed is surrounded by a red, fleshy aril. 

Section II. — Dates of SEEOiiEAiaNG and its Kepetition. 

Usually woody species that have the lightest seeds are the 
earliest seedbearers: thus willows, poplars, birches, alders 
and elms are earliest, while oaks and beech are latest ; between 
these extremes come the other broadleavecl species. The larch 
among conifers has the earliest seeds, and has also the lightest 
of our coniferous seeds. Where Tlmya and Chamaccyyarh 
grow, they have the liglitest of coniferous seeds, and normally 
produce seed from very young trees ; silver-fir and Cembran 
pine have heavy seeds, and produce seed later in life. When 
the seeds of two or more si)ecies are of about equal weight, 
that wlik'h is light-demanding bears seed earliest; thus pines 
produce seed earli(‘r than spruces, and oaks before ])oech. 

Exposure to light also determines early seed-bearing ; 
trees in the open bear seed 20 to 30 years earlier than the 
same species in a dense crop, the crowns of which are illu- 
minated only at the top. Interruption of cover is therefore the 
best way of inducing a tree in a wood to bear seed. Heat is 
next to light the most imjwrtant factor ; in warm localities the 
same species bears seed earlier than in cool localities, A good 
soil, on which a tree grows rapidly, delays the production of 
seed, whilst bad soil, where the trees grow slowly, accelerates 
seed- bearing. 

The grower of fruit-trees makes use of this latter property, 
by pruning the trees or by altering the conditions of the soil, 
in order to compel a tree to hear fruit early. 

When the formation of fruit has commenced, it does not 
recur every year, but after definite intervals. R. Hartig has 
explained this periodicity of seed-bearing by the fact, that at 
the commencement of a seed-year, much of the reserve-material 
(starch) of the sapwood is dissolved, so that a number ol 
^ears is required for replacing the starch ; as soon as sufficient 
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starch }»as accumulated, another seed-year occurs, xnis 
apparently explains a number of phenomena in seed bearing, 
Ihus the period of rest is shorter, the more favourable are 
the conditions of Ulumination for a ti*ee ; the more the crown ' 
is crowded and shaded, the longer is seedbearing delayed. 

Increased exposure to heat expedites fructification ; nume- 
rous prolonged observations in Prussia have jiroved this well- J 
known law; JBernhardt, Weise, Ilellwig, v. Alten and ' 
Schwuppaeh* Imve sliown this to be tnui. 

Ihus, in tlie warm lihine provinces, there ai'e good crops of 
acorns every two ^'ears, while in K. Prussia, only every six 
years. Put for Scots pine, in Brandeiibui*g every two years 
there is a good crop of seed, while in llheiiish Prussia and 
jj. Silesia, only every ten years, so that the law is not true 
always, for age, soil, condition of crops, etc., must be con- ’ 
sidered as well as the elfects of heat. 

J lie following figures are generally true as regards the 
recurrence of seed-years for the same individual tree: 


Ivr'cnrroiict’ ot .sHed-yt'urs. 
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i 




liNcrj 2 }cui;s ... Willow, popliir, lurcli, iildor, cyjiiosH, olm, coniiuoii 
pine, hircli. 

2 to 4 veal's Jf urn beam, ash, maple, lime, spruce, 

M 1 O) ti „ I Silver-fir, Oemhran pine, swect-chestnul. 

„ to 10 „ I Oak, beech. 


^ According to this statement the lightest seeds are producec 
the most frequently, and this is a support of the truth o; 
; Hartig’s theory. But it must be proved also how mud 
reserve material is taken from the w'ood by a mast, and hov 
'much seed-ulbumen is formed in the jiarticalar seed-year 
The weather during the seed-year decides also whether or noi 
fruit is fonned from the tlower. 

Acorn years are distinguished by great heat and droughl 
p (yintage-years) ; should two successive,- dry, hot years occur! 

;V * f^wappRch, Din Sftm^snpioduction <lei- wichtigsten Waldholzarten ii 
556i|scU,f, I* , u tlagd 18115. ^ remtn^ of siOyeam* ob^orvadOliil 



laksand other trees may fructify in both years, so that in the 
first year the reserve material is exhausted, but is replaced in 
the second year sufficiently for the tree to bear fruit. When 
late frost occurs in a year while the trees are blossoming, 
damp cold weather, or violent gales during pollination, the 
flowers may not fructif}". 

Good soil does not accelerate fruit-bcarincr, until the tree lias 
attained the age of fertility ; before this period it is poor soil, 
unsuitalde for the species, that determines jnecocious and 
frequent fructification. All sickly individuals produce abund- 
ance of seed, although frequently this premature seed does not 
germinate. 

As regards the number of fertile seeds, the light seeds 
come first, and the heavy seeds last, though often the eye 
of the forester is deceived about this when there is a good 
mast-year of oak or beech. 


SfocTioN' 111 . -Dates of Kifenini; and Fall of Seeds. 

Ihe dates ol ripening and fall of seeds depend chielly on the 
heat of the locality, whicli exiiodites both of these oiierations ; 
dry air also ex[)edites them, but in general the following 
calendar is correct: — 


lill'ENlNf} OF SkkD. 



•May. 

Jimr. 

1 .luly. 

I Aunusl. 

1 Septeiulxjr. 

Octobur, ! 

1 J ! 

First Half 
of Month. 

( 


Elm. 

i 

1 Willow, 
j Poplar. 

j 

: 

i 

■ Bii’cli. 

! 

t 

1 

1 

i 

i 

, '“'"i 

1 Oak. ; 

1 l^ecch. 

' Hornbeam. 

Alder, 
i Atih. 

Maple, 
harch. 

1 Pine, 

j Thuya. 

‘ ('yjjrt».s. , 

; JJouglaH*fir. 

Second 
; ; Half of 

L Month. 

— « 

Elm. 


Birch. 

! 

1 

Oak. 

Maple. 

Silver-fir, 

1 

i 




”;jMa:'5-t^lM'iSATio»"oF the ‘i^rrs df 'eorest 


Fall or Srei>. 



FhV). 

March. 

April. 

May. 

J UllC, 

•July. 

Ann- , Oc-t. 

Nov. 

Dih'’. 

Firnt 
Half of 
Uonth. 

Atib. 

Abler. 

AmIu 

Hi»ruci‘. 

Pine 

- ■■ 

Spruce 

I’iue. 

finn'h. 

I.arch. 

Kim. 

Earch. 

Willow. 
Pojdai . 

Hirch. Oak, 

■ Beech. 
Milver-lii. 

, 

Maple 

Lime. 

Ash. 

Horn- 

beam. 

! 

i A«h. 
j Tlorn- 
{ beam, 
j Maple, 
t Lime. 

i 

8«c,onfl 
Half of 
Month. 

Alder, 

AnIi. 

i Hpmce. 

1 riiie, 

; I-jirch. 

IjjH'h. 

Ijttrch. 

Khn. 

Elm. 
1 x 0 ch 

! Ihicli 

i 

1 

1 

1 

Biith. Oak, 

; fV-ech I 
Sihei 111. ' 
Thuya. 

' CyfiieHH. 

fjlieslnnl 
Walnut. 
IIoiikIhs- 
' 111. 

Maph- 

Limit, 

Aah 

iloiii- 

licaiii. 

1 A«h, 

; Alder. 

1 

] 


Section IV. — Hauvesting Seed. 

The season for harvesting BCed may be seen from the 
above tables, from which it is evident that certain seeds fall as 
soon as they ripen ; fugitive seeds, such as birch, elm, and 
silver-tir, therefore, must be collected immediately before they 
ripen ; this somewhat affects the quality of the seed, for 
ripening after collection is effected only in the larger seeds, or 
in seeds which remain in their fruit-husks (cones, cupulfe). 
The cones of spruce, pines and larch may be collected during 
several months. 

The methods of harvesting may be understood from a 
consideration of the morphology of seed-production. By 
climbing trees with the help of climbing-irons, ladders, etc., and 
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plucking the fruits by hand, or with shears, [or with a fruit' 
net and saw (Fig. S61) which is used in India. — Tr.] the 
mds of the following species should be gathered before 


tail: Birch, elm, ash, maple, hornbeam; also the cones of 
spruce, pine, silver-fir, larch, Douglas-fir, thuya, cypress and 
flder. By sweeping off the ground, after tliey have fallen, 
acorns, beech-mast, lime-seeds, cherries, species of Pynis, 
chestnuts, walnuts, may be collected, and wherever fugitive 
seeds are heaped together by wind, or water (alder), they may 
be swept up and collected. It is a destructive measure to beat 
trees in order to cause the seeds to fall ; the worst way is to 
collect seed from trees felled for tlie purpose, as is done in 
countries which have too much forest, or where economic 
forestry is not practised. The whole harvest is either leased, 
or given in contract by the forest-owner for his own require- 
ments, or permits to collect seed given to i)oor people. It 
is for the manager to determine which method is the best 
financially and does least damage to the forest. 

Fruits, seeds and twigs w’ith the fruits attaclied to them, 
taken moist from the forest, must he dried superficially in 
places in the forest that are sheltered from rain, or under a 
roof. By sifting and picking over, the most obvious 
impurities are I'eiuoved. The seeds of lime, hornbeam and 
birch are placed in sacks ; by beating and shaking the sacks, 
the seeds are freed from their husks, and by winnowing, 
sieves, etc., they are separated from them. For heavy seeds, 
cleaning consists in the removal of all impurities and of fruits 
that are recognised as useless (shrivelled, perforated i>y insects, 
etc.) 

Coniferous seeds require different treatment, for which a 
special industry, termed seed-husking, has been established. 


Section V.— Sekd-husking Establishmbints. 

1, Drying by Solar Heat, 

The cones of spruce and pines are dried by the sun in wire 
sieves placed in echelon one above the other, so that they all 


Jfjeceive the full heat of the sun; portable boxes with wire 
/sieve tops also are used. By shaking the sieves the seed falls 
on to cloths, or into boxes, placed below them, or in the latter 


into the boxes themselves* 


XX 



The simplest method of employing solar hear is wuen the 
cones are placed on large cloths, laid on dry ground in full 
sun-light. Or sieves with double bottoms are used, that may 
be brought under cover in rainy weather. The seeds then 
can be separated easily from the cones by sieves, and this 
method yields the most germinative seeds. [In India and 
other hot countries, solar heat suffices for seed-husking. 

—.'IV O 


2 . Seed-kilns, 

The essential conditions for all seed-kilns is, that the cones 
are exposed in them to artificial beat of 95 ’, ITi’, or 140^ I*’, 
and to air as dry as possible until all the cones are oi.ened! 
pe air is heated partly by stoves in the drying-chamber, or 
in a special heating-chamber from which it circulates into the 
former. Most of the German seed-husking establishments 
employ kilns. 

Objection has been raised to kilns, that the seeds become 
too dry and lose their germinating ])ower because thev remain 
too long exposed to temperatures of 90-" F. and more This 
objection was justified by the defective construction’ of the 
earlier kilns, and by careless husking. The important im- 
provements, that have more recently been introduced in 
seed-husking, have removed these objcictions completely. 

In any kiln, that asjiires to excellency, the seeds should not 
remain any longer exposed to the heat of the stove than is 
absolutely necessary for their removal from the cones. 

Whenever the quantity of cones to be opened annually is 
not very considerable, and sufficient capital is not available for 
a large establishment, the simplest kind of soed-kUn will 
suffice. A spacious chamber, which can be suitably closed 
containing a tiled Dutch stove, is then sufficient. Bound the 
stove are stands, the upiier portions of which support easily 
accessible wire-trays, or the cones are hung in nets from the 
ceiling. If the floor is paved, ventilators supplied at the four 
corners of the ceiling for the escape of the vapour from the' * 
cones and the heat regulated, good results may be expected 

If there is sufficient space, the stove may be enlarged into a ' 
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horBe^slioe shaped heating-apparatus round the interior of the 
chamber and sometimes sunk partly into the floor. The stove 
must be made of brick-work, or trachite ; otherwise 

a steady temperature is not obtainable. 

AVhen, however, hot air is admitted into the seed-kiln, an 
iron stove and hot-air pipes are placed in a heating-chamber, 
from which the hot air passes, as required, into the drying- 
chamber, being replaced by the admission of cool air. Most 
large seed-kilns are made on this principle. As the heatingis 
effected more rapidly the more directly the stove communicates 
with the air, the apparatus is arranged generally so that the 
drying-chamber is traversed by a long series of hot-air pipes, 
which only after many convolutions communicate with the 
chimney of the stove. 

Although all seed-husking establishments more or less 
follow the above plan, they differ from one another in their 
heating apparatus, arrangement of the gratings, etc., so that 
hardly any two of them are alike. They may, however, be 
arranged in groups, according as the wire-trays are moveable, 
fixed or cylindrical. 

(a) Moveable Trays.— In this case, the light wooden frames 
of the trays are moveable and not too heavy for a man to lift 
easily : they are placed pretty close one above the other, 
generally on supports above the hot chamber. Thus they can 
be removed and replaced easily for changing the cones. 
Hundreds of these frames are used in large establishments. 

Mr. Schott, a seed-merchant, ^ of Aschaffenburg, has an 
establishment somewhat similar to that just described 
(Figs. 862, 863). A is the heating-chamber containing the 
convoluted iron pipes and surrounded by a thick masonry 
wall, which is pierced on two opposite sides by doors oi)ening 
into the drying-chamber 7i through which the trays can be 
removed and fresh ones supplied. As both the heating- and 
drying- chambers are surrounded by the moderately cool air of 
the building, the heat is concentrated as much as possible. 
The stove is at (a), the smoke escaping through (r«). The 
wooden trays (//, h, h) are provided with a base of thin wooden 
bars, except the lowest of them, which have fine wire-bottoms 
to prevent the seed from falling into the heating chamber. 
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Only a very inconsiderable portion of the seed, however, ever 

“L thL .o«.l il r»»,n.o»th. .2 
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thev are removed. When once the cones are opene^d, the trays 
on which they lie are removed, and the cones shahen on to a 



floor of wire-grating immediately above the 
'sieve (6). The cones are raked up and do\ 
BO that all the seed may be removed. 1 
ktKo eones escanes by meaiis of toafte (d. 


iug holloi^fe 
r this flooif 
,pour froni 
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closed if required; fresh air is supplied by the veut*holet 

(Oy 0, O). 

Tliis simple apparatus may be taken as a type of numerous 
private seed-husking establishments, as those of Geigle at 
Nagold, Keller and Appel at Darmstadt, Steiners in Wiener- 
Neustadt, etc. The frames supporting the trays are made of 



Fif^. 30-1.— Sml-kiln with fixed trays. 


iron ; four large stoves in the lower story supply the hot air 
Numerous openings with valves regulate the temperature. 

(b) Fixed Trays. — Fixed trays are used in buildings wit! 
several storeys ; the heating-apparatus being on the ground 
floor, above which are two or more drying-chambers. Th 
floor of each of these is of grating (in the newest establifih 
ments of the kind, of thick iron wire, in the older ones c 
wooden bars), but close enough to allow only the seed and nq 



(Plan.) 

Fig. 3(>r>.-~!Sml-huskhig establiahnieut with tiraiJVBieves. 
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fcbe cones to pass. The cones are piled a foot deep on the 
gratings and are stirred constantly so that they part with all 
their seeds. The seed falls into the seed-chamber on to a 
paved door kept cool by the admission of cold air, and from 
this it is removed. 

This method is adopted by (Fig. 8(>4) Steingiisser at Milten- 
berg, Schiiltze and Pfeil in Hathenoer, etc. The stove (<i) in 
an underground room, M, the upper part of which leads into 
a system of pipes (/>, //) and is sur- 
rounded by a cupolaed frame of trachyte 
which passes into the seed-room.!, and 
allows the contained hot air to escape 
through several long tubes (/»•, k) and 
numerous openings. The channel [m) 
admits cool air and (o, <>) are ventilating 
tubes arranged so as to keep the paved 
door cool. By C, and 7> are drying- 
chambers. 

(c) Drum-sieves. — Apparatus with 
dr urn -sieves dilfer comi)letely from 
those described above, and are used 
in many places in Silesia, Hanover, 

Mecklenburg, etc. (Fig. 305). 

Then the hot air is supplied by 
means of closed pipes (w, m) made 
of trachyte and closed with iron valves, 
which are situated beneath the drying- Fijr. 'MW, 

cbauiber. The heating is by stoves 
( 0 , 0 , 0 ), that oi>ens into (/a,wO; vapour escapes by the 
chimney (/r). The cones are supplied from the door of a 
loft B, passing through the funnels (a, a) into the drums 
(/;, h), which revolve in pairs on a common axle; they are 
turned by handles in the room C so that the seeds may fall 
through as soon as the cones have opened. The drum-sieves 
are of wood, or iron, in the former case with wooden gratings 
secured by several iron hoops. Each drum can be opened 
(Fig. 306) in order to insert and remove the cones; under 
each pair of drum-siefes is a masonry or concrete trench {p) 
mto which the seed falls, and from which it is removed by 






wooden scrapers to the chamber o, inw -wmcn tne trencbe 
lead. After all the seeds l^ve been removed, the drums ar 
opened downwards and the empty cones removed by the earn 
means as the seed. The drums are turned at intervals of . 
quarter of an hour, so that the seed soon falls into the coc 
trenches and being at once removed is not exjKised to the ho 
air longer than is absolutely necessary. This rapid aetioi 
allows much greater heat to be applied to the cones than ii 
other establishments ; recent experience, however, shows tha 
they are not more effective than the latter, which on thi 
whole are preferable. Drum-sieves are used in Blankenbun 
by Conrad Trumpf, and at Carolath in .Silesia. 


8. Separation of Seed from the Cones hy Steam. 

Cones are opened by steam, when the air round the trays it 
which they are placed is heated hy means of condensed steam 
Steam from a boiler outside the seed-kiln is supplied in pipes 
running under the trays, it then becomes condensed owing tc 
the comparative coolness of the chamber containing the trays. 
The steam-pressure being then considerably increased, the 
heat acquired in the boiler is radiated into the drying-chamber 
by the pipes. In order to increase the healing effect of the 
pipes, their surface is considerably increased by conducting 
them repeatedly up and down the drying-chamber. 

The three well-known wholesale seed-establishments of 
Keller, Appel and Le Coq at Darmstadt, have been working 
Successfully on this system for many years. The first of these 
seed-kilns was burnt in 18t55, and up to that time there were 
three tiers of piping under all the trays. This, however, did 
not heat the air sufficiently; in the new works erected there-, 
fore, two tiers of piping were placed under the trays, and the 
other tier moved higher up between them. This givee. 
excellent results. The pipes are of wrought iron and are 200' 
meters long, with an exposed surface of 87 square meters.. 
The boiler is in a detached Louse, and also serves to driv^' 
machinery used in separating seed from larch-cones ; it sup-? 
phes steam for heating the pipes andk the resulting condensedl 

'Wfltftr .flrtwft Kfti'V mfrt 
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j The advantages of steam drying over hot air drying are, as 
follows : — 

There is no fear of a conflagration in the seed-kiln ; by 
means of in and out draughts, heat can be supplied according 
to requirements, and the amount necessary for opening the 
cones is attained in one-quarter of the time required by the 
hot air apparatus, whilst the whole time occupied by the 
process is shortened by one-quarter ; the temperature cannot 
exceed 183^’ F., so that there is no danger of over-heatiug the 
seed. Keller’s process gives from 87 to 1)7 per cent, of 
germinating seeds, which, according to Braun, are not only 
considerably superior in germinative power to seeds from hot 
air kilns, but also can he kept longer. 


4. Mauagemmi of Seed-hnnkmij Works. 

The system followed in the different soed-husking estab- 
lishments is of a simple nature. The cones from the store- 
house are placed in sacks or otherwise brought to the seed- 
kiln and placed on the trays. After the heat has been applied 
and the cones begin to steam, all vent-holes must he opened. 
As soon as the air becomes drier and the cones have been 
exposed for some time to the heat, they begin to open. Gene- 
rally this does not happen simultaneously on all the trays ; 
the current of hot air is then turned in the direction of the 
backward trays by opening certain vent-holes, or changing the 
places of those trays with those where the cones have opened 
and thus exposing them to the hottest blast. 

Management of the heat is the most imj)ortant point in the 
kilns. The heat should rise as uniformly and quickly as 
possible to the temperature most suitable for the apparatus and 
cone in question. Scots pine cones require the greatest heat, 
usually 90^^ to 125*^ F. ; spruce 80^ to 90'^ F. ; Weymouth -pine 
and alder, 60° to 70° F. 

In order to guard against over-heating by the workmen, Keller, 
in Darmstadt, has an electric bell in his office communicating 
ndth a metallic maximum thermometer in the kiln. 

The cones on removal from the trays are thrown usually on i 
Jo a grating so that the seeds may be separated from them ; 
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they then always retain a few seeds and in order to secure 
these, they are placed in a drum-sieve (Fig. 3(>6, h), which is 
made to rotate. 

This consists of a cylinder with wire sides, open at both ends, 
and there are often projecting bars fastened here and there to 
its axle inside the cylinder which assist in shaking the cones. 
It is turned slowly hy means of a pulley and holt. The cones 
are poured into the drum-sieve through a hopi)er and are so 
thoroughly shaken within it, as to part with all their seeds. 
The seeds fall on to the floor and the empty cones pass out at 
one end of the drum-sieve, which is slightly inclined in that 
direction, through a second funnel, into the store-room for 
empty cones. 

Removal of the wings of Scots pine and spruce seed may 
be effected in various ways. On a small scale, and if it is con- 
sidered sufticiont to remove the greater part of the wing, 
leaving a biiulU fragment attached to the seed, the dry pro- 
cess is employed. In this case linen sacks are half filled 
with seed (the mouth of each sack being tied) and beaten with 
light flails, being turned and shaken and rubbed until the 
wings are removed. In wholesale estahlishmonis a different 
method is usually employed, termed the wet process, which 
gives quicker results. The seed is then piled i\ to 8 inches 
high on a paved or planked floor, sprinlded lightly with water 
from the rose of a watering-pot and then beaten energetically 
with leather flails. In many seed -depots liardly any water 
is used and yet the wings are removed completely. Newer 
methods are ; to pass the seeds between two rotating stones, or 
to place them in a drum with revolving brushes (dctacheiir). 

In order to obtain clean silver-fir seed, more trouble 
must be taken. The moistened seed then generally must 
be heated, so that very clean silver-fir seed is regarded with 
suspicion. 

Frequently objection is made to the wet process, that it 
prejudices the germinative power of the seed. This objection 
is justified, if the damp seed is kept in heaps and allowed to 
^erment, so that the wings may separate from the seed without 
my further mechanical treatment. If, however, the method 
already described is followed and no fermentation allowed, the 
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doping being merely auxiliary to the threshing, clean seed 
with good germinative power is obtained. 

Once the wings have been severed from the seed, they must 
be removed in order to obtain clean seed. This is effected 
either by swinging the seed on a wooden tray, or tossing it 
with a wooden win nowing-shovel, which removes both the 
wings and light worthless seeds. As a rule, however, the 
seeds are placed in a modern corn-sifter, provided with several 
graduated fine wire-sieves. This separates all impurities 
and the worthless seeds completely from the good seed, the 
■workman being careful to turn the machine 8 lowl 3 ^ Special 
cleaning machines worked by motor-power are the bast. 


5. Separation of Seeds from Larch Cones. 

The method described in 2, refers only to Scots pine and 
spruce ; it is not applicable to larch cones, which cannot he 
completely freed of seed by artificial heat without damaging 
its germinative power. Only the upper part of larch cones 
opens when subjected to heat, the base of the cones, w’hich con- 
tains most of the seeds, remaining closed. Larch cones must 
therefore be torn open in machines, clean seed being obtained 
only after much troublesome manipulation. 

Much larch seed is exported regularly from the Tyrol. In 
order to remove the seed, little water- wheels* are suspended in 
the rapid torrents, on the axles of which are rapidly rotating 
tin cylinders. The cones enclosed in these cylinders are 
rubbed violently against one another, and the seed set free. 
In order to remove the last seeds from the cones, the latter 
are pounded. One of the best stores for Tyrolese larch seed 
is that of Jennewein, at Innsbruck. 

[In French Savoy and Dauphiny, larch seed is collected by 
peasants between December and February ; during the preva- 
lence of the comparatively warm south wind, the cones droi) 
their seeds on to cloths spread under the trees on the snow. 
This seed is said to germinate much better than that purchased 
from seed-establishments.—Boppe.] 

The apparatus emidoyed by Appel, at Darmstadt, which 
t^^sembles that used by the Tyrolese, consists of wooden 




arums, wnicn are driven by steam and made to rotate rapidlj^ 
on tlieir axles. Their internal surface, as shown in Fig. 367 J 
is covered with little sharp, projecting cones, against which the 
larch cones are rubbed, but the mutual friction between the! 
cones is more effective than the action of the internal surface 
of the drums. 

Apparatus worked by steam for opening larch cones is 
based generally on a continual friction between their scales, 
and consequent removal of the seed without injuring it. That 
used by Keller at Darmstadt consists of a hollow wooden 
drum (Fig. 367), which is fixed firmly in a vertical position, 
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and at its axis is an iron rod provided with four arms d, 
which support four closely- toothed iron rakes h, parallel to 
the internal surface of the drum. This revolves rapidly on 
its axle m », larch cones supplied from above are rubbed 
together so thoroughly and to a certain extent torn to pieces, 
that they part with all their seed tliat collects at the bottom! 
of the drum, from which it is then removed. 

The sides of this drum are composed of plates of iron, whidt' 
are not quite juxtaposed, finer refuse therefore escapes through 
the slits between them. Under the drum large sieves are kepti 
in constant motion backwards and forwards. This apparattli^ 
of Keller s is preferable to all others yet invented, as it removed 
the seed in less than half the time taken, for instance, by 
Tyrolese method. 
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Larch-seed, when freed from the cones, is mixed with 
pieces of wood and scales of various sizes, and any amount 
of dust, from which it must be cleaned. The siftin" plrocess 
is therefore tedious and the workmen must show much 
patience. The seed is separated from refuse either by 
means of hand-sieves, or by fly-wheels, or by placing it on 
water in a tub; the pieces of wood and scales sink to the 
bottom, whilst the seeds float on the surface and are then 
scooped off and dried, the dried seeds finally passing through 

a corn-Biftei\ . 

In Keller’s seed-deiiot a small mill is used for removing the 
wings from larch-seed, the grinders being made of vulcanised 
caoutchouc and as far apart as the length of the seeds; thus 
the wings are removed by friction. A fly-wheel working 
under the exit-funnel separates thoroughly the wings, dust 
and worthless seed, from the good seed. 


6. Unskhuj Silirr-Jif ('(Mes, cfc. 

The cones of silver-tir usually fall to pieces on their way to 
the seed-husking eslablishmont ; tlu! seeds are separated from 
the large cone-scales by sieves. The wings are united to Uie 
seeds and are removed by friction, or by trampling or beating 
them in sacks. Similarly the seeds of Douglas-iir, Douglas 
and Weymouth pines are cleaned. The cones of thuyas and 
cypresses open readily when exposed to the sun, and the little 
• seeds are silted free from the scales. 


7 . Net yield of Seed. 

The net yield of seed obtained from a certain quantity of 
cones depends on several circumstances. The system of 
husking followed is most decisive in this respect ; then the 
condition of the cones (whether harvested in autumn, mi - 
winter, or in dry, spring weather, after some of the seeds have 
left the cones). The size of the cones and the number of 
seeds they contain vary in different years, for in really, 

p W seed-years cones are often S 

i^tam more tbau the usual uumher of seeds. Lastly, the 



V Wf 


»;m.n8AnoN OF TBE ERtniTS^OF FdRBdT tBEBS. 


method employed for removing the wings, and the comparative 
thoroughness with which this is done, affects the yield greatly. 

It 11 not, therefore, surprising that the yield of different 
seed establishments in different years should vary considerably. 
The following table gives the average weiglit of different 
cjuaiiiities of cones and seed: — 






- ..... 




VVfM/'ht of fresh 
eoncH. 

WeiKhtof Riftetl seed 
troin— 

Weight of sifted seod. 

Kiu 

liU'in. 

One 

bushel. 

OKI liters of 
eoiies. 

1 busliel of 
cones. 

1 liU-r. 

1 qu.'irt,. 

Scots pirio 

... 

Burch ... 
•Silvcr-lir 

oO ton.^ 
2r» lo.'iO 

‘M'f 

iototiO 



ib 

-10 to 44 
20 to in 
2!1 

2tMo24 

kg. 

0 7r> toO’Un 

1 2:4foJ-70 

1 HOt<t2 70 ! 
1 '50 to 2*25 1 

lb. 

*(>0I(> *72 
•OHi.t I 'art 
1-41 i()2ii; 

1-20 to 1 -so 

giams. 

500 fo5lU 
5(;o ti) .*>70 
500 to 510 i 

aooto4io ! 

! 

Ih. 

•%to •98 

1*08 to 1*01) 

: -IMlto *98 
•58 fo -79 


Ihe concluding table gives the weight of sifted seed, without 
wings, of the different species obtained from a certain weight of 
winged seed, and the number of seeds in a fixed weight of 
sifted seed. 


SjU'ClHH. 


Sj truce 
Silver- fir ... 
Lttreh 

Sects pine ... 
Black pine... 
Mountain pine 
Weymouth pine . 


Weight of sifletl .seeds. 

Average iimnber of seeds.* 

fl OMI 

1 kilug. «r 

front 

1 Ib. of 

in 

in. 

winged seed. 

winged sets!. 

1 kilog. 

1 lb. 

kg. 

oz. 


1 — 

055 

9*<; 

120.000 

j 54, .500 

■ 

— 

22,000 

' 10,000 

0*80 

12*8 

! 05,000 

1 75,000 

0*70 

11*2 

150,000 

! 68, WO 

0*80 

12*8 

48,500 1 

1 22,000 

9*75 

12*0 

125,000 I 

56,700 

050 

8*0 

01,000 I 

27,700 

‘ 
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1 he size of the cones, and the consequent size of the seeds 
as well as the number of seeds in each cone, vary with the 
climate, for greater heat implies larger cones and seeds; thus 
Cieslar found : 


In Finland, 1000 seeds of spruce weigh 3'96 4'569. 

In S. Sweden, „ „ ^ 5-00— 6-60. 

In Germany, „ „ 7-59-8-60. 

trlJvfT *“•* other pto«- 

from Mr. Apiiel of IMrinsuat, Ijw h fiom Dr. Schlich.— Tr.l ^ 
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Good soil has a similar influence on the seed : seeds from 
irees grown in gardens usually are larger than those from 
forest trees ; at the commencement of fertility also the seeds 
are larger than those from old trees, and the i)Ower of pro- 
ducing seed is lost gradually by the latter. There arc also 
variations in the»»size of seeds in individual trees, even the 
seeds in any cone vary in size and weight. 

Section VI. — Stoking the Seeds of Forest Trees. 

1. General Avcount, 

Silviculture shows that it is often advantageous to delay 
mowing seed until the spring of the year after it has ripened. 
Seed must therefore be stored for this purpose, and if this can 
he done without impairing its germinative power scndously, the 
forester becomes to a certain extent independent of the 
occurrence of seed-years. 

In general, seeds with an embryo or albumen rich in starch 
do not preserve their germinative power so well as those which 
contain much oil or turpentine. For under their closed 
husks, provided water is excluded, oxidation of oil is much 
slower than conversion of starch into gum, dextrin and sugar. 

Germinativei power is lost (piickly in acorns*, chestnuts and 
beech-nuts, so that these fruits very rarely can be kept for 
more than one winter. The same rule applies to seeds of 
birch, elms, silver-fir and alder, which soon become mouldy 
unless stored very carefully. Reed of ash, hornbeam, lime 
and Cembran pine, most of which germinates only in the 
second spring, can be stored easily. [In the case of Wey- 
mouth-pine also, much seed does not germinate till the 
second spring. — Tr.] Lime-seed can be kept good for 2 or 3 
years, but owing to the abundance of seed produced almost 
every year there is no necessity to store it. Germinative 
power is longest preserved in the seed of larch, Soots pine 
and spruce, and experience has shown that if carefully stored, 
larch-seed may preserve its germinative power 2 to 3 years ; 
Scots pine seed 3 to 4 years, and spruce-seed 4 to 6 years. 

As during winter, slow chemical changes preparatory to 

• Moie «juickly in sessile tiian in i>ertunculate aconia. 



I germination proceed in seeds, the temperature must be ke|^ ^ 
down, provided it does not descend much below freezing point, 

" 60 that by over-heating, seeds may notg rminate or be killed. 
Too much moisture involves danger from fungi and rot, 
too much desiccation causes loss of Jihe power of germina- 
tion. Heeds also must be preserved against injuries of every ' 
kind, by mice, insects, &c. 

The usual methods of storing seed will now he described : 

2. Storing in heaps in the Open Am 

This method is applicable for beech-nuts, acorns, and chest- 
nuts. A dry site near a forester’s house, with loose, sandy 
soil for choice, is cleared completely of all vegetable matter, 
and the fruits are mixed with plenty of sand and placed in 
heaps on the ground. The more delicate tlie fruit, the lower 
the heaps, Tlie heaps are covered with dead leaves or straw, 
at first only moderately thick, and some bundles of straw are 
stuck through the covering to afford ventilation. As the 
weather becomes colder, earth may he thrown on the covering, 
but it should he remembered always that seeds are less 
sensitive to cold than to heat. At the close of winter the 
covering should be removed gradually in the same way as it 
was supplied, for it is extremely probable that the destruction 
of seeds kept over winter is often due to delay in removing 
their covering. 

3 . Storing in Trenches. 

Acorns, beech-nuts, chestnuts and the fruits of ash and 
hornbeam may he stored in trenches in the open air. The. 
trenches for acorns should be about lialf a meter (IJ feet) 
deep, with vertical walls and in long rows ; beech-nuts are 
placed ill wider, but shallow, trenches not deeper than 30 
centimeters (1 foot) ; ash, hornbeam and sycamore seed in 
narrow trenches like drills ; these seeds should remain for 
two winters in the trenches, and be sown only in the second 
spring. When there ip only a small quantity of slowlj, 
,, germinating seed, such as nuts of the black walnut, it may 
mixed with sand in earthenware pots, which are placed in 
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ground. It has also proved useful to mix ashes with sycamore, 
ash and other seed, in a cask placed in a dry, well- ventilated 
locality. 

4. Storuiff on liiilffeH undt'r Thatch. 

In this method after the be(‘d has been fairly dried, it is 
placed on long ridges raistjd about 8 inches or a foot (*20 to 80 
centimeters) above the ground under alight thatch of straw or 
dead leaves. Or a flat place may b<^ slightly i^xcavated in the 
ground and covered by a thatched roof high enough to allow 
a niaji to inspect tlie seed. Then the setid can be turned, and 
its covering modified according to changes of temperature, 
which is a. great advantage. 

This method is applicable to acorns of both species of oak, 
and beech-nuts, the seed being mixed with saml as before. By 
altering tlu^ thickness of the thatch and turning the acorns, 
they are [>rotected against frost and over-lnuiting. Beech-nuts 
require a cool, damp place, and tlui ground should be watered 
for them diiring very dry weathcu* : they are fairly hardy against 
frost, and well-viuitilated places suit them, which may be 
paved with stones. When thus kept, how'ever, they must be 
turned and watered regularly. 

5. StoriiKj in Rooms. 

Backs of acorns and chestnuts may be kept in cellars, only 
wlitui the latter are sufficiently dry and well-ventilated. 

Sev(^ral other kinds of seed, such as that of silver-fir, may be 
kept in rooms. In a room free from frost, or at any rate, 
from low degrees of temperature, silver-fir seed mixed with 
the scales of the cones may be placed on shelves, either alone, 
or with saw-dust. The windows must at first be kept open in 
order to dry the seed, and the latter turned from time to time. 
This is absolutely necessary for silver-fir seed, which is very 
liable to become mouldy. It is best kept in the cones, but 
they can only with great difficulty be kept entire through the 
winter. 

Dried seed of the birch or alder may be placed in sacks and 
tbe^ suspended in dry rooms. If twigs have been cut with 
||je fruit, they may be tied in small bundles and suspended as 
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before. Ash, maple, and hornbeam seed may be similar!^; 
treated during the first winter before being put into trenches 
to hasten germination. ; 

Much birch and alder seed, however carefully treated, will 
become mouldy ; it is generally better to sow these seeds as 
soon as they ripen. , 

(). Star inf/ in Perforated Pius, 

Scots pine, spruce and larch seed separated from the cones 
is best preserved in perforated bins ; the same plan is suitable 
for any small seeds after they have been thoroughly aerated 
by turning them over for several days. 

The bins used for coniferous seeds resemble ordinary flour- 
bins, with welMitting lids. In order to exclude mice they are 
lined completely with tin or zinc, which is perforated as well 
as its wooden casing. The seeds are placed in the bins with 
their wings and other impurities, and are stirred periodically, , 
Spruce-seed is sometimes kept in the cones. 

7. Storing Seed under Wafer, 

Experiments often have been made of storing beech-nuts and 
acorns in large baskets under water, but although they remain 
sound, Cieslar says, that germination is retarded if spring- 
water is used. 


Section YU. — Average Quality op Seeds. ' 

In spite of every care in harvesting, preparing and storing: 
seed, it is impossible to obtain seed, every grain of which will 
germinate. ]Many bad seeds are harvested, many others lose 
the power of germination during the subsequent treatment, so 
that it is considered satisfactory, when the following per- 
centages of good seed are obtained : — 


Robinia 

Oak 

Black alder 
Beech 
Elms 
Birch 


75 

69 

88 

27 

26 

26 
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The best German firms sell seed with the following per- 
sentages of germinating power : — 


55 to 05 


40 to 50 
80 to 40 
‘20 to 80 
5 to 10 

For coniferouH seeds, the Swiss Control Station gave the 
following results : — 


Acorns 

Beeeh-nnts . 
Chestnuts 
Maples . f 
Limes 
Robinia 
Elm . 

Alder 

Birch 

Willow and poplar 


Ceml)raii pine . 

85 }>er cent. 

Spruce 

68 „ 

Scots pine 

• . . 65 ,, 

Black „ 

68 

Weymouth [une 

55 „ 

Douglas-iir 

48 „ 

Larch 

• • 68 „ 

Silver-fir 

27 „ 


Seed-doalers supply seed, the quality of which varies in 
iifferent years : — 


Spruce . . . . 

Scots pine 

Weymouth and black pine 

Siiver-fir 

Cemhran June 

Larch 


75 to 80 per cent. 
70 to 75 „ 

65 to 70 „ 

55 to 65 „ 

40 to 50 „ 

80 to 40 „ 


Section YJIL—Sale and Dispohal of Seeds. 

Seeds are sold partly by weight and partly by volume ; it is 
l^dewrable that both these measures should be used, but they 
”0 gnarantee that the seed is fresh or possesses good 
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germinating power. The following statement compares vuw 
measures and weight of seeds in litres and kilograms. [1 
bushel contains 3(4 litres and 1 kilo = 2*2 lbs. — Tr.] 


Acorim (11.) wcigli 

C-7.*» k. 

beechnuts „ 

o*4r, 

Ash 

o i.n 

Sycamore 

01 3 , 

Elm 

(H).> .. 

Ceinbran pine ... 

0-.*)0 . 

Weymouth pine 

(»-40 

Soots pine 

0 50 .. 

Spruce 

t» 4.5 .. 

1 iarc:h 

0-45 .. 

1 Silver-fir 

0-40 

Douglas-tir 

Ll^awson’a (\vpress ,, 

0 40 „ 

0*23 .. 


1 k. contains 270 to 300 seefls. 

„ 4 „ thouKand seeds. 


13 „ 

14 



11 » 

12 



100 

140 



3‘ .. 

5 



.5.5 ., 

().5 


M 

150 .. 

170 



120 „ 

150 


,, 

140 „ 

170 



20 .. 

24 


.. 
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.■)<I0 seeds. 


Seeds are tnuisported in sticks, or bags ; recently in sheet- 
iron cylindrical boxes. 

As regards the price of seeds, the following statement 
was prepared by Laspeyres for Prussia, from 1880- 


1895 

Markn. 

1 hectolitre of acorns 15*76 

1 ,, beechnuts .... 21*36 

1 kilo black alder 0*86 

1 „ white alder 1*62 

1 ,, birch 0*60 

1 ,, Scots pine 4*46 

1 „ spruce 1*73 

1 „ larch 2*43 

1 „ silver-lir 0*75 


The price of Scots pine seed 
marks. 

Spruce .... 
Larch .... 
Silver-fir .... 


varied between 3*05 and 8*10 


Marks. 

. 1*05 and 3*40 
. 1*18 „ 6*37 
, 0*38 „ 1*67 


[A hectolitre is about 3 bushels and a mark is equivalent to, 
a shilling. — Tr.] 

There were no beechnuts and no sessile acorns for 6 years^ 
ike other seeds were procurable every year. 
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Forest seeds are used almost exclusively for raising plants ; 
for other commercial purposes, only a fraction of the seeds 
are employed. Beechnuts are used for preparing salad oil. 

Thus in the Foret de Retz, in 1898, salad oil valued at 
M,000 was obtained from beechnuts, besides 800 bushels of 
seed being sent to other State forests and sufficient seed 
reserved to restock the felling areas. An acre of beech 100 
years old produces about 20 bushels of clean nuts, worth 2s. a 
bushel, from which 100 lbs. of oil can be made, the nuts 
containing lo to 17 per cent, of oil. The nuts are swept up 
from under the trees, sifted, sorted, dusted and dried slowly ; 
cold pressure is applied to extract the oil.— Tr.] 

In forests, where chestnuts, walnuts, hazelnuts are pro- 
duced, the production of the nuts may surjuiss in value that 
of the timber. 

Formerly pannage, in which acorns, beech and other seeds 
were eaten in the forest l)y pigs, was carried on extensively in 
European forests. This mast of fruits was distinguished from 
earth-mast, in which worms, larvae and pupa* of insects, 
fungi, roots of weeds, etc, were utilised. Full-mast gave 
enough acorns, etc., to fatten the pigs ; this required Ob days 
feeding, when every pig ale daily 12 litres of acorns or 10 
litres of beechnuts. Half-mast suffictid to feed the pigs, 
without fattening them. Owing to the rarity of seed-years 
and the damage done to Aoiing crops by the pigs, also to 
danger from swine fever, when jjigs are admitted promiscuously 
into a forest, pannage has now become rare. Wlum there is a 
plentiful seed-year, it may he leased, or given as a privilege to 
poor people. The question, whether the admission of pigs 
may be silviculturally beneficial, by breaking up too dense a 
layer of dead leaves and moss and exposing the mineral soil 
in woods ready for natural regeneration, also for destroying 
mice and insect-larva;, can be decided only for certain localities. 

[In the New Forest, in a good mast year about 5,00() swine 
are admitted. Near Windsor acorns are collected in baskets 
and sold at Is, per bushel to farmers for feeding pigs. — Tr.] 
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tttilization of leaves, twigs and boots op 
trees. 


anH " K'^ermayer, Weber. Ilamann, Councler, Emeis 

and elhers. leaves and twiRs contain large quantl^r of 
itrogenoua compounds, earboliydrates ami mineral salts In 
using tw.gs and leaves for fodder* the above nmresen; tl e 
ac «al nutrUive value of these plant-parts, fot the Xalt 

at tliTr ^ 'I’hese substances are most abundant 

?oli T und the leaves urn 

Sn In ! growing-season, most of them 

nu ri ‘v I US reserve-material. The 

nut tive value of leaves and twigs, therefore, depends chiefly 

on the season at which they are utilised ; fallen leaves are so 
unnutiitious, as to be lit only for litter. [At the same time 
m evergreen broadleaved trees, nutriment is stored durim^ 
winter iii the foliage and twigs, as such trees as (.hurras dilatata 
/i«««* yadd«„i,etc.,are lopi>ed regularly in the Himalayas’ 
for winter-fodder.-Tr.] I„ leafless trees the yearliim shTote 
aremost nutritive = branches Income lessnutritL, tlie^thicl 
they are; those 1 to 2 c.m. thick have hardly any value as 

toe f‘'»‘«t-pasture to the 

bite of cattle, supply the best fodder; aeh, poplars: wiUows , 

(especially AVdir Mm, Copnm, ritdlwa, peMunha), limes, ■ 
maples and oaks, are good; beech and elms yield good : 
fodder, as long as the leaves are young ; the Canadian poplai 
IS said to yield the best fodder. Among conifers, the sUvet- 
to is best but the «pr«c<- also is lopped for fodder, the larch 
east of all. Ihe species of cattle should be considered also • 
for sheep and goats eat all leaves, while horned cattle are 
aaore particular. 

•• Futterhiab u. Futterreitig.” ZeatralUait 1, d. gw. FontwewiS 



I.BAVE8 InD twros. 


e«i 

It IB calculated, that 150 lbs. of leaf-fodder without twigs, 
>%25 lbs. with twigs, are equivalent to 100 lbs. of moderately 
,:good hay. Graudeau found that the dry substance of year- 
ling twigs without leaves, and of hay, had the following 
composition : 



Kcech. 

Oak. 

Hay. 

Protein . . . . 

, 11-08 

14-40 

11-10 

Oil 

. 1 -ao 

2-97 

2-70 

Fibres . . , , 

. 81-15 

80-14 

8-80 

Extract without nitrogen . 

. 19-82 

47-81 

47-20 

Ashes . . . , 

. 4-15 

‘1*85 

7.40 


According to the researches of the Agricultural Academy at 
Bonn, twig-fodder is useless for farm-horses; ruminants 
thrive hotter on it, sheep best of all. Ihrcli twigs are best, 
then heed) ; hornbeam is worst. Green twigs are always 
better than dry twigs: the valuable parts of the twigs for 
fodder are their hark and buds ; only in years when fodder 
is scarce, can twigs bo considered as a substitute for hay or 
straw, llaniann and Lawe’s experiments to chop up twigs by 
machinery for fodder has proved unsuccessful. 

In evergreen conifers the twigs are more valuable as litter 
than as fodder. The toughness of roots prevents their use as 
fodder. The injurious utilization of leaves and twigs is 
secured in various ways; there are country districts, espe- 
cially in warm countries outside Germany, in which regular 
coppices of broadleaved species, similar to osier-beds, with 
1 to 2 years’ rotation, are maintained expressly for fodder ; in 
{Others, pollards are used, or trees are lopped for the purpose. 
l;The most harmful form of this usage is when young saplings 
in coppice, coppice-with-standards and high forest, are 
'popped ; the utilisation of leaves and twigs from trees felled 
In the ordinary way alone can be recommended (Neiimeister). 
{ihe instruments used are knives, billhooks, hal diets, or 
lirfioars for small pieces. 

Leaves and twigs serve for feeding domestic animals, more 
lively for deer; sheep and goats, less frequently cattle and 
are fed with either green or dried material. Oidy in 
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ws/Untries where meadows are scarce, as in those adjoining cne 
Mediterranean 8ea, or where the peasantry is poor, and land 
much subdivided, is leaf-fodder important; also in years of. 
general scarcity of fodder, as in 1893. Except in such cases, 
the usage of leaf-fodder should be banished from forests. In 
countries where rice is cultivated, young leaves and twigs are 
stamped into the inundated fields to serve as manure (Japan). 
[Also in India, for rice-nurseries, under the well-known name 
of rab. — Tr.] Twigs of both broadleaved and coniferous trees 
are used, in the cultivation of flowers and vegetables, as a 
shelter against insolation and frost, also in forest-nurseries. 
Branches, with autumnal coloured foliage, or with coloured 
fruits, or coniferous branches with cones, are used for 
decorative purposes. 

From the needles of pines, spruce and silver-fir, oil is 
distilled ; wood-wool, said to be made from pine-needles, is 
made of sea-grass (see Fart 111). 

The branches of conifers are employed extensively as litter. 

Green litter is obtained from standing trees, either from the 
ground by dragging down the branches, or by climbing the 
trees and lopping them; or by using the litter from felled 
trees. 

The most destructive method is practised in the Tyrolese 
and Swiss Alps. Iron hooks on long poles are used for 
pulling down and breaking off the branches. In other 
countries the men climb the trees with the help of climbing- 
irons and lop the branches with a hatchet. AVhere the future 
of the forest is cared for, only stems that will soon be felled 
according to a working- plan are lopped from the base up- 
wards, in the course of a few years. If no care is taken of the 
forest, trees are lopped frequently of all their branches up to 
the leader. The simplest and least harmful practice is to lop 
the branches from felled trees in the regular felling-areas. 

The branches thus obtained usually are carted to the farm- 
yards, and cut into small pieces on a block with a sharp hatchet; 
all the wood that is more than a finger thick is set aside for fire- 
wood and the remainder used for litter. If the branches from: 
a regular felling-area are to be used for litter, the workman: 
takes each branch and culs off the twigs covered with needle^;. 
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before he cuts the wood into lengths with a billhook or an old 
sabre, and binds them up into faggots. 

The quantity of utilisable needle-litter depends on the 
species of tree, the system of management, the method of 
utilisation and age of the tree. Silver-lh* and spruce yield 
more litter than do pines. Pines subdivide their crowns into 
boughs, while silver-fir and spruce have only one subdivision of 
their branches, so that besides possessing fewer needles, there 
are many branches in pines that are too thick for litter. 

Silver-firs and spruces also have many little branches on 
their boles, that are absent in pines. As regards the system 
of management, the more open selectioji forest produces more 
litter than does even-aged high forest. The use of branch-litter 
is practised usually wherever selection forests i)revail, as in the 
Tyrolese and Swiss Alps, private forests in the Pichtelgehirge, 
the Franconian torest and Schwarzwald in Wurtembcrg, etc. 

Many Alpine forests are so impoverished by the utilisation 
of branch litter, that they are no longer able to satisfy 
moderate demands for this material. In the forests of 
Friinconia and the Fichtelgebirge, and in many parts of the 
Schwarzwald. every woodcutter by moderate lopping has 
obtained for generations about 1 to 1 J waggon-loads of branch* 
litter per acre annually, from the selection forests, without 
any fear of the siii)ply being reduced. 

As regards the age of the trees that are lopped, it is evident 
that in pole-woods, the power of reproducing branches after 
lopping is the greatest, and that the older the tr(ies, the fewer 
small branches are available. 

Eeduction in the yield of a forest occurs only wlien the 
trees are lopped extensively up to their crowns; it is how- 
ever certain, that, owing to the formation of occluding lumps 
on the holes of trees, their use for timber and especially for 
planks is prejudiced. 

Utilisation of the finer roots of conifers, especially of the 
spruce, involves great injury to all trees, except for those 
which are to be felled very soon. The practice is confined chiefly 
to stray shoots of hazel, Viburnum Ijantumt etc., which are 
removed hy trespassers. Roots and shoots are heated (baked), , 
Iwisted on their axes, and used as tough, coarse withes. 
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Lin India and otlier not countries, wnere scarcely any 
odder-crops are raised, and where the crowding is lost in forest- 
^sture, used for fuel, or only for manuring valuable crops of 
jugar-cane or tobacco, the importance of a supply of branch- 
litter (rah) as manure, as well as of leaf-fodder for feeding 
jattle in winter, is so great, that a regular system of lopping 
trees for the puri)ose is at present inevitable. The rules under 
which this is permissible, in order to perpetuate the supply, 
are given on p. 85, Vol. IV. of this manual. — Tr.] 



Fig. 368.— tlup and gutters usetl in collecting crude turpentiue. 
(U, S. Dep, of Agri. BiiU. XI.., Vm,) 
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(’HAPTEli IV. 

PEOPERTIES, HARVESTING, SELLING AND 
DISPOSAL OP RESIN. 

8k(tion I. Anatomy.* 

Tuiipentink is elaborated naturally either in intercellular 
spaces burroij^nded by cells, or in certain cel^. A distinction 
therefore is made between resin-ducts and resin-cells. The 
latter are parcncbyniatous cells in vvbicb turpentine occurs in 
drops, so that a cell contains more turpentine as i( becomes 
older ; as soon as the plasma leaves the cell, no more iur))en- 
tine is formed in it. The plasma leaves the ccdls, when the 
sapwood, which contains them, is converted into heartwood, 
or when the bark, in which also they occur, is cut oil’ from 
living cortex by the formation of layers of cork, or of rhiti- 
dome. All the transverse parenchyma in the medullary rays, 
both in the wood and cortex of conifers, contain resin-cells ; 
in the longitudinal parenchyma, only the rosin-cells that 
surround the resin-ducts contain turpentine ; so do fi ecpiently 
the last cells of the annual zones of wood in silver-hrs and 
isugas. Tn the cortex, besides the cells of the medullary rays, 
the phelloderm, hypoderm and the gate-cells of stomata, 
contain turpentine. 

Besin-ducts are formed only at the time of the formation of 
the plant-part, which contains them ; there is not, in conifers, 
any subsequent formation of intercellular spaces by the dis- 
solution of tissues. The partition of the walls of a coll in 
order to form a duct and the How of iiuq>entine into the duct 
are simultaneous. The diameter of a duct increases by the 
division of the cells that surround it, and as each new cell is 
formed, more tur^mtine Hows into the duct. In the wood, 
there is no increase in the breadth of a duct after the year of 

I" t H. Mayr, “ Die BwretionsoiigfaDe der Fichtt* uud Lardie.” Bot. Zentmlbl, 
Also, “ Das Kara der Kswielhuker.’* Beiliii, 1894. 
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its formation ; in the bark, the growth in the diameter of the 
tree increases by tension the diameter of the resin-cells till 
rhitidome is formed. 

The course of the horizontal and vertical resin-ducts in the 
wood is described on p. 87 ; Mayr has proved that each 
horizontal duct arises from a vertical duct, so that there is 
always a connection between these two systems of ducts. 
(Fig. 869). There is also a connection between horizonal and 





— Boixlcf oC two 
luinuiil Kimt'H in siiruoo. 
« ('ornnienci'iiiont of 
lost ^eui’N lesiii-duct. 
h Interniptioii of tlio 
pith. V End of jursent 
yoar's resin-duct ; Ihc 
horizontal ducrs (rand 
f) spring from the ^eJ•- 
tical <luct (h 



Fig. It 70 . - The nitercellular spaces of the vertical 
duct a and of the horizontal duct h, showing 
the connection between them. 


vertical ducts, wherever these ducts meet accidentally, as 
between (/) and (d). (Fig. 369), when both canals show 
large intercellular spaces (dotted lines in Fig. 869). 

In pines, after the year of their formation, the cells of the 
ducts remain thin-walled ; in spruces, larches and Douglas-firs, 
more and more of these thin-walled cells are converted 
gradually into thick-walled, normal parenchymatous cells. 
Shortly before the transition of sapwood into heartwood, all 
the thin-walled cells that contain plasma form tylloses, 
which block the ducts (Fig. 370), 
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This closure of resin-ducts, when the wood becomes con- 
verted into heartwood, is of special importance for fixing the 
quantity of resin that is removed from a tree by resin- 
tapping, and for adjudging the etfects of this practice on the 
quality of the wood. 

Vertical resin-ducts do not exhilnt, as has hecn maintained 
frequently, an uninterrupted course through tlie stem ; 
according to Mayr, the longest resin-duet in spruce does not 
exceed 0*7 m. in length at the base of the tree, nor 0*4 m. in 
its upi)er portion. For larch, 
the corresponding figures are 
0*3 m. and 0*15 ui. The 
shortest ducts are near the 
branches; the central course 
of a duct is deeper than its 
two ends, in the annual zone, 
the ends being formed later 
than the central part of the 
duct. Many ducts end with 
the annual zone close to the 
cambium, hut without continu- 
ing in the following year in 
the new zt)ne of wood. Verti- 
cal ducts, that adjoin one 
another, place their lamina in 
communication by means of a 
group of parenchymatous cells, 
with adjoining thin walls. The 
number of vertical ducts in- 
creases slowly with age, on certain cross-sections of the 
wood; the south side of a tree contains more ducts than 
the north side. 

Horizontal resin-ducts are always narrower than vertical 
ducts ; they lie in the middle of medullary rays and continue 
in them into the bast, where they end abruptly. Their 
number is considerable ; in spruce, there are 50 to 110 ducts 
on a square centimeter, but there are fewer ducts in the 
central parts of a stem than above or beiow it. During the 
eeeson of rest, a horieonal duct is separated by the compact 



.S71.-'-<'ro>vspcti<>n Llnough a 
\ertical duet, which ih hut- 
rounded hy the expjiusiou of a 
ndl (m), h Thiek-wsdlfd pnren* 
chyniiitouH cells, c r Cells of 
niodullury rays eontuining 
starch and drops of turpentine. 



oambimn into two parts, one in the wood and the other M 
the bast, ho that turpentine cannot pass from one to the other ; t 
only with the new year’s growth is the connection between;^ 
them restonnl. 

All wound-parenchyma (occlusion-tissue) in wood is ant 
abnormal holder of turpentine (p. 129); such a tissue con-^;, 
tains certain wounds that are externally invisible, as are some 
frost wounds, while others are externally visible and cause an 
exudation of resin between the new and d(iad tissues, so that the 
swelling is more or lessencrustt^d with resin. Abnormal resin- 
ducts occur also in genera whichhave also nonual ducts (spruce, 
larch, pines and Douglas-firs), as well ss in the other conifers.. 
They are of pathological origin, as Tschich showed in Berne 
that j)athological conditions, especially those due to root-fungi, 
also cause excessive formation of resin -blisters in the bark of 
silver- fir and J)ouglaH-lir, as was proved by AFayr, in 1H93. 

The course of resin-ducts in the hark and needles varies in 
different species : in sjiruces and Douglas-firs, both the ducts 
of the m^edles pass into the cortex and there unite with the 
vertical ducts that are H, 13, 21, 2t). etc. in number. The 
cortical ducts of two years shoots form two exclusive systems 
without any connection (Fig. 399 u. c.). 

If a vortical coi-tical duct is cut, onl.v .a small (piantity of 
resin exudes. "When rhitidome is formed, on the south side 
of a tree, in the seventh year, on the north side in the tenth 
year and in a dense wood in tin? fifteenth year of the tree, the 
first cortical resin-ducts are cut oil’, so that spruce and 
Douglas-firs exhibit longitudinal ducts only up to the thirtieth 
year ; the bast under the rhitidome is, however, rich in hori- 
zontal ducts. In silver-firs and hemlock-spruces, the course , 

: of the vertical ducts in the cortex is the same as in tlie spruce ; 
but parts of the cortex of both these genera, as well as 
Donglas-fir, swell into blisters which may be tapped for resin 5 
commercially. The ducts remain active for a number of;? 
years, in silver-fir for eighty years; the bast contains no^ 
^ resin-ducts. In pines, only one and two years old plants,/^ 
that bear simple needles, are constructed after the pattern o|l| 
!r the above genera, the clusters of needles (2, 3 and 5), whioh| 
|| Appear later, bear two resin-ducts in the two edges o! 



WpnCAI* ^0 PHYSICilL P»0I»ERTIE8. 70!l^ 

%eedl€ and one in its curved side. None of these ducta 
are continued into the cortex, but there is a connection 
between the vertical ducts of the cortex of different years’ 
shoots, that is formed early owing to the growth in thickness 
of the verticilary branches ; cork begins to form in ten years. 
In larches, there is no connection between the ducts in the 
needles and in the cortex, only the short ducts in the hnichy- 
blasts represent the vertical cortical ducts of the other coni- 
ferous genera : the ducts in the hypodermaof the longitudinal 
shoots die in the first year, when cork is formed ; the hast 
contains horizontal ducts, as in Bj)ruces, pines, and l)ouglas- 
lirs. 


Bection IL— Chemical and FiiysicAL pRorKirriEs of Ti:h- 

I'KNTTNE, OK RksIN. 

Turi)entine is a mixture of fixed and ethcrial carholjydrates ; • 
by its distillation, oil of turpentine is obtained, with the 
formula Cm Hm,. Usually tlie mixture is spoken of as resin, 
and oil of tiir[)cntine, as turpentine. 

Owing to the evajKU'alion of etherial turpeniiiK' and its 
oxidation, resin usually solidifies into rosin or colopliany, 
which is partly cjysialliiie and partly amorphous. If fresh 
resin is taken from a tree and dried, the rosin forms a trans- 
lucid, solid mass. The rosin increases in bulk with the age of 
a tree, as more and more of the etherial oil becomes oxidised. 
The following table shows clearly this transformation for 
spruce and common pine, the figures representing ‘the per- 
centage of rosin in the resin that exudes: — 


Sapwood of spruce 
Resin galls „ 

Bapwood of pine . 

Heart wood „ 

Sapwood of Weymouth pine 
Heartwood of larch 
Bark of silver-fir 
Sapwood of Pinm rigida 


74*87 i)er cent. 
80*90 „ „ 

09*48 „ 

75*59 ,. „ 

01*70 „ „ 

79*38 „ „ 

02*85 „ „ 
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Section III. — Di8TiiimTTioN of Kesin in Trees. 

According to Mayr’s investigations, normally the root-wood 
is the richest part of a tree in resin, then in the order given : 
the base of the stem up to two meters, branchwood, the upper 
part of the stem in the crown of the tree, the clean bole and 
the bark. The part of a tree that is most valuable as timber, 
the hole, is therefore the j)oorest in resin, the southern half of 
the bole contains more resin than the northern half ; the sap- 
wood, in spite of general opinion due to the how from it of 
liquid turpentine, is always poorer in resin than the heart- 
wood. In tlie branches, contrary to the laws of gravitation, 
the upper side is more resinous than the lower side. The 
quantity of resin increases with the age of the tree, but 
decreases again when the tree is over 200 years old or there- 
abouts, so that the central zones of heartwood contain less 
resin than its outer zones. All conifers produce more resin 
in hot than in cold localities ; so that border trees, trees in 
heavily thinned woods, on southerly aspects, in low latitudes 
(altitude being equal), or on sandy soil, produce more resin 
than under opposite conditions. The ascent and descent of 
resin in a tree is independent of the specific \veight of its 
parts. 

The following data regarding the amount of resin found in 
living trees is taken from Mayr’s own observations (2*2 lbs. in 
a kilo.) 


Agi' of tree ia 
yrars. 

SiH>cic.s, 

Locality. 

C'outenU t)f Mihiii in 1 rub. ui. 
(3r) cub. It.) 

100 

Silver-fir . 

Bavarian plateau 

SapwooO, 8’ 18 kilos. 

100 

8j»ruoc 

Cuiuinfin pine . 


45 

Deiiautal . 

138l» „ 

m 

f ” 

.. 24-28 „ 

IIB 



Heartwood, 88-95 „ 

‘2S:> 

„ „ 

IJ 

Sap wood, 20-85 „ 

2B5 


»» 

Heartwood, 87-28 „ 

80 

Larch 

Bavarian platoi\u 

„ 34-08 

Sapwood, 29-47 ,, 

188 

Weymo\ith pine 

Wisconsin . 

' ' . 85 

« * 

Anspach 

18-82 


IgrWli: 


order to compare the contents 
thfit of (Terman trees, ilio 
Iftbaolufcely dry wood ih given below 


in resin of foreij^n trees 
peree.Jitrt^e of resin in 


Norway spruce 0 81)0 

Bavarian silver-fir l‘‘21'3 

„ spruce I’-WB 

N. American l>ouglas-fir . , . • 1*031 

Tyrolese larch 2*810 

Norway pine 2*420 

Alpine mountain-pine .... 8*040 

Hamburg Douglas-lir .... 8*81)2 

Bavarian plateau larch .... 

Danube valley pino 5*240 

Bavarian Weymouth pine .... b'704 

N. Annshcan ,, „ • • ♦ * 7*870 

„ Viich-inm {Pinna pain xtriit) . 8'27B 

The above table shows that Weymouth pino is richest in 
resin of all (ha-man conifers, then in succ(‘ssion, common i)ine, 
larch, spruce and siiver-fir. Douglas-fir is intermediate 
between spruce and larcb, while pitch pine, is more resinous 
than all the other conif(u-s. Absolutely dry branclnvood and 
rootwood also contain the following pca-centage of rosin 

Branchwood of spruce . . • • 

liootwood „ „ . . . • h 857 

Branchwood ,, larch .... 4 1(X) 

Kootwood „ „ .... f>*B85 


jiilvery exi)osod wound in a tree causes an abnormal local 
amount of resin, as the tension of the internal tissues presses 
the resin over the wound, and after the water in the sap has 
evaporated, the resin flows into the cell- walls and cell- 
lumina. This resinosis does not occur in wounds of the 
jjieartwood, for there is no flow of resin from heartwoo4* 
i^ngi, such as ArmiUarea mellea, Fomes anno»m (Trametei 
^^iicipurda), Dasyscypha calycim {Peziza), PesUdozzut, Pender'^ 
etc., also cause a flow of resin, and resinosis ; at the 
^Sltstock, especially of pines, hy decay, the resin is driven 
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gradually to the interior of the wood, which becomes charged 
with resin, llesinised wood, owing to its easy combustibility, 
is excellent for kindling purposes, and in mountain districts 
abroad is still employed for torches. For this purpose stems 
were peeled of hark in order to induce resinosis. [Brandis 
states (Forest Flora of N.W. and Central India, 1874) that 
“ the wood of stumps of trees of PbiuH hmjifoUa, in the 
Himalayas, which have been notched and mutilated, is often so 
full of resin as to be translucent, and such wood is used for 
torches, and in place of candles, in houses and mines.’' — Tr.] 
Now^adays resinous wood is produced by the fungi mentioned 
above, or as a bye-product of resin-tapping. 


Section IV. — Rehin-tappino of Stanoino Trees. 

The method emjdoyed for resin-tapping depends on the 
species of tree and on the part of the tree from which the 
resin is taken. In order to avoid repetition, the reader is 
referred to the anatomical discussion that has preceded. 

Among European species, the maritime or cluster pine 
(Pinus Pinaster^ Boland.) may be tapped most advantageously 
for resin ; this pine yields resin most abundantly near the 
sea-coast between Bayonne and the mouth of Cbarente, chiefly 
among the sand-dunes and landes (waste, sandy tracts) of 
Gascony. In other parts of France, where the maritime pine 
grows either naturally or artificially, resin- tapping is not 
Bufliciently remunerative to be practised. 

Although other European conifers also yield rosin, they do 
not furnish it in sufficient quantities for resin-tapping in 
their case to become a regular industry. In France, at any 
rate, their wood is too valuable to be exposed to the damage 
which the operation causes. However, as the silver-fir, spruce, 
larch, black pine and Aleppo-pine are sometimes tapped, it is 
useful to know how this is done. Tlie Scots, mountain and 
Cemhran pines are not tapped. 

According to Sargent, the principal world-supply of oleo* 
resin comes from the long-leaved pine (Pinm pahistm) and 

* The of this shcction is takea chiefly fi-cwn BopiMj's “ Tccimoloi^g 
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tbe marsh pine {P. serofina) of the North American States, 
North and South Carolina, Georgia, Alahaina, Mississippi, 
and Louisiana. Dr, Mohr states that 2,{K)0,iX)0 acres of these 
pines were being worked for resin in 1890, and that about 
500,000 acres of new forest were taken up annually. In live 
or six years after these forests have been invaded, they ])resent 
a picture of ruin and desolation painful to behold, the seedlings 
and poles being burned and all hope for the restoration of 
the forests excluded. At present, attempts are being made 
Buccessfully to introduce a conservative system of resin-tapping 
into these forests'^ (Fig. OOB). 

In India, resin-tapping has been introduced by Government 
agency in certain forests of PimiH lotnj [folia in the North-West 
of India, and is practised on a careful plan based on that 
employed in Gascony. Itesin also may be obtained in India 
from Pium ejrelsa; from P. Khaftjjaiiud P, MerLuHit, in Burma 
and the Malay States, also from Thauhenjn in Japan. 

A. — Siri'iiY OK llnsiN kuom the Makitime T^jne in the 
Lanoks of Gascony. 

1 . Mode of TapjnUfi. 

The maritime pine contains very large and numerous resin- 
ducts, and tht3 flow of resin being much more active in the 
sapwood than the heartwood, superlicial cuts into the former, 
which pass through these canals, cause the resin to flow into 
receptacles placed to receive it. 

Towards the end of February or the beginning of March, in 
order to prevent pieces of the coarse external bark from 
mingling with the resin, the rough bark or rhytidome of the 
maritime pine is trimmed off as a preparatory measure, so 
that only a few inner cortical layers are left outside the sap- 
wood; they then present a smooth reddish surface. Only 
portions of the trunk that are to be tapiied during the ensuing 
season are thus prepared. 

From the 1st to the 10th of March (according to the 
weather), the resin- tapper makes an incision with a special 
implement in the trunk of suitable trees. This is in the shape 

“A New Methuti of Turpeoiiue Orcharding,’' by Dr. C. H. Herts?, U.S. 
of Agrioultorc, Bull xl., 1903. 
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if a groove (canr) near the base of the tree and where thb 
)ark has already been trimmed, about 10 centimeters wide, 

I centimeters high, and l centimeter deep (4 inches by 1 inch 
)y I inch). From this groove the resin flows in viscous trans- 
)arent drops, which thicken on contact with the air : part of 
ho resin Bolidifies, becoming attached to the surface of the 
Troove ; the remainder, being more liquid, flows into a recep- 
iacle which has been placed on the ground to receive it. Raitt^ 
svater, which may All the pots, always remains above the resin, 
he specific gravity of which is slightly higher than that of water. 

Once a week, and once every five days during the season 
when most resin flows, the groove is cut by slicing off a thin 
Bhaving of the wood at its upper extremity. The groove thus 
becomes gradually longer, its breadth remaining constant or 
l)eing gradually reduced. As the groove becomes older, the 
resin ceases to flow ; in freshly cutting it, the resin-tapper 
slices the surface of the top of the groove for a length of 10 to 
12 centimeters (4 to4| inches), his chief skill being shown in 
removing only a very line shaving of the sapwood, so that the 
operation may be resumed several times without cutting 
deeper than 1 centimeter. This operation is effected forty to 
forty-five times during a season, but ceases after the 15th of 
October. The groove is cut in successive years up to a height 
of 3 or 4 meters (93 to 13 feet). 

Formerly, the resin which ran from a groove was collected 
in a hole dug in the sand at the foot of the tapped tree. This 
method, which now is abandoned nearly every where, had many 
disadvantages. The sand in which the hole was dug absorbed 
much resin ; besides this, when the groove became elongated, 
the resin had to traverse its whole length before reaching the 
gi’ound. In flowing over the groove, therefore, the resin lost: 
much volatile matter, and became hard ; needles, pieces of 
bark and particles of sand were blown on to it by the wind^J 
and water or other impurities mingled with it. i 

In order to prevent the consequent waste of resin, Hugues,^ 
in 1860, devised a method for catching the resin immediateljl 
below the points of exudation by means of a little zinc coUi^ 
which was fixed across the groove, and for collecting it* i^j)| 
, glazed, conically -shaped pot, 14 centimeters wide at tho^^iS 



'FINES'. 




S centimeiers at the base (5j and amcnesj ana centimeters 
?4eep. Then, after cutting a groove, the collar is fixed below 
ifi, and the pot placed on the sand under the collar and gradii- 
illy raised with the cut, as explained below. Kvery spring, 
the whole apparatus is raised above the sterile portion of the 
groove, where the former year’s tapping had stopped (Fig. 372). 

In order to fix the collar, an incision is made with a sharp, 
curved, steel implement, and the colfar fixed in the incision. 
The pot is supported between the collar and a nail driven into 
the tree below the pot. The pots also are bored with a hole 
near their rim, so that they can be suspended, if necessary, 
and this hole allows any 
rain-water, which is in 
the pot, to drain away. 

Frequently, evaporation of 
the turpentine is preveiiteil 
hy covering the pot with 
a thin piece of pinewood. 

This improved system has 
increased the yield of resin 
by from 3 to 4^ per cent., 
and yields a much purer 
resin than before, selling 
at 10 francs a cask more 
than that collected in the 
sand. 

Only the more liquid parts of the resin reach the pot, the 
rest solidifies on the way and remains attached to the groove. 
The upper part of this solid crust is removed easily by hand ; 
it is thus collected by the resin -tapper, and is termed (jalipot 
The resin in contact with the wood is much harder, and can 
be removed only by a scraping implement. This substance, 
mixed with chips of wood, is termed barms. When collected 
.According to Hugues’ method, hardly my (udipni is produced, 
^]x 0 residue being chiefly harms, 

iC After the pot has become filled sufficiently with crude resin, 
itiie collector empties it into a kind of basket {i'scouurtc)^ holding 

^ and all plates used in this section (except Fig. 384) are taken from 

Technologie forestibre." 



Fig. 372.* — lIugiicH’ (‘.ollar and pot. 
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about ‘ZO litres (4g gal.) and made of rough cork, with wooden 
hoops, an osier handle and a round piece of wood for its base ; 
at the same time he Bc'.rapes off the harrcm^ which falls on to a 
clotli spread below tVie tree to receive it. Then the resin is 
conveyed to reservoirs (harrons), formcid of half-casks let into 
tlie ground alongside the forest roads, with removable, sloping 
wooden covers, which keep out the rain and impurities. The 
harms is either mixed with the cnubi resin in th(i harcous, or 
packed Sf;parately in palm-leaf baskets, imported for the 
purpose from Algiers or I'lgypt. From the i eservoirs the resin 
is ladled into casks, and carried to the factoi ies in carts with 
very broad wheels, on accomit of the Siindy nature of the 
roads. It is, however, proposed to improve trfinsport of both 
resin and iimhor in (he Forest of La Teste, l)y constructing a 
tramway to Arcachon, about 12 miles distant. 

2. 1 mphmenis usaL 

Various implements are used for cutting grooves, removing 
the crust of resin from tlu^ trees and conveying llio produce to 
tile factories. 

An ordinary axe is U8e«l for trimming the bark before the 
grooves are cut. 

A curved axe {ahschot), with a short handle (Fig. 873), is 
used for cutting and freshening the surface of the groove. 
The blade should be sharp as that of a razor, so that the resin- 
duets may be cut cleanly. Its irregular shape renders it an 
instrument difficult to construct and use; it can he used skil- 
fully only after long practice, and experience in India shows 
that better work can be done there with an ordinary adze. 

The scraper (pc//c) (Fig. 874) is made of iron, topped with 
steel ; it is fixed to the end of a wooden handle a yard long. 
It is used for scraping the lower portion of the grooves, and 
under the old method, for digging holes in the sand and 
removing the resin from them. 

Another scraper {haymsquite) (Fig, 875) has a curved, sharp 
blade with a handle H metros (4 feet 10 inches) long. It is 
used for removing bark which cannot be reached by the 
“^nd also for collecting the hanas from the same places. 
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Another implement, term^ed vascM (Fig. 876), has a handle 
1*80 metres (5 feet 10 inches) long; it has also a step, and is 
need sometimes to raise the height of the grooves when above 
the reach of the workman's ahchot. The workman, liowevor, 



frequently stands on the steq) of tli(3 nuclvl and uses his 
curv(Hl axe. 

Fig, 877 shows another scraper (poimr), ^vitll a handle 
2 meters 10 (•(altimeters (7 feet 9 inclieh) long, and used, like 
the IntrraftiinilCy for the higher portions 
of the groove. The palot (Fig. 878) 
resembles the pomac, but its handle is 
only 90 centimeters (1 yard) long; it 
replaces the pdle^ when the Ilugucs’ 
method is adopted, and maybe employed 
also as a dibble for sow'ing acorns or 
pine seeds. 

The resin-tapper also uses a kind of 
ladder (Fig. 881) made of a small pine, 
into which steps are cut 80 centimeters 
(1 foot) apart. Each step is strengthened by a nail to pre- 
vent breakage. Considerable practice is reejuired for a man 
to remain perched on this ladder whilst using the ahschoU 
with both hands. 

The spatula (Fig. 879) is used for scraping off the resin 
which adheres to the jwts, or to the cscmuirtey 





The workmen m^ke their own ladders and esc(marte^ ahd^ 
buy the other implements at the following prices 

The axe, or almhot^l franc 50 ccntiines the kilogram (say , 



Od. a i)ound), or 0 or 7 francs each ; the hamiHquifr, ‘2 francs 
the jfouHsc, 2 francs 50 centimes ; ihe palot, 1 franc 50 centimes 
the pcUc, 2 francs. 


8. McIJkhI of Cnidny the Grooves, 

Commencing at tlie ground-level, the grooves ascend the 
stein as follows : — 




— 


- ■ 


— “1 

Kj-< 1 ot- 
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V. 

Fi'ttl 
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0 

55 
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[) 
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4 

2 
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2 

05 
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2 
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t) 

1 
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l\ 

so 

12 

4 
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U 
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1 

<1 

ScM’oTici year . 


0 

75 

2 

5 

Tlunl „ - . . 


0 

75 

2 

5 

Fourth . 


0 

75 

2 

5 

Fifth . 


1 

00 

8 

8 


The width of the groove is 9 centimeUu-s (3 inches) for ti. 
first four years, and 8 centimeters (2J inches) in the last yeju^^^ 
Its depth never must exceed 1 centimeter (| inch) wheill 
measured l>elow a string stretched across the groove from th^^ 
base of the bark. 

TPhg nwb^ of grooves cut at the same time in a tr^ | 
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according as the tree is tapped without killing it, or tapped 
to death. 

Pines that are intended to be removed in thinnings and 



those wliieh are considered inaluro are tapped to death. 
8uch pint s should remain standing for only a few years, 
and therefore tlie greatest 
[)Ossiblt3 amount of resin 
should be extracUuI from 
them. With this object, 
two, thr(<e, tour, five and 
Hometiines six grooves, 
according to its siz(‘., are 
cut in tlie same tree 
(Pig. 8H0). 

Pines are tajiped with- 
out being killed, wluui 
they are intended to re- 
main for some time stand- 
ing in a wood. They 
must be tapped so tliat 
their existence is not 
compromised, nor their 
vigour seriously diminished. It is therefore best, in this 
iesase, to make only one groove in a tree at a time. When, 
after five years, this groove is 3 meters 80 centimeters 
12J feet) high, it is left untapped for several years, 
then another avoove commenced at 15 or 20 centimeters. 



Fifjr, :iK(). 

Homan fif^urcs refer kt suweasive yeara 
tappirigH. 
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(5 to 6 inches) distant from the foniior, or on the other 
side of the tree exactly opposite to it. Thus, in time, 
grooves are made all round a tree, and then fresh ones are 
made between them. By this procedure, resin is extracted 



8 


Fij?. 382. — rii<)ss-serh(tn of a |fUio which has been ta|n»e<i “ alive repeatedly.” 

1. (Iroove cut when lit years oM. ."i. (iroove euf. when III }ears old. 

2. „ 22 (1. Its „ 

a- M 27 „ 7, „ 42 „ 

"t. HI „ 8. 4t; 

The hist j^rove still in use. 

whilst the pines are kejit alive for a long period (Figs. 882, 
388). 

When, owing to a tree being exceptionally vigorous, or to bad 
treatment, two grooves arc made at the same time, which is 
generally the case in private forests, they should bo worked 
^muitaneously at different heights. 




4, 'Treatment of Forests where Resin-tapping is Practised** 

One of the best examples of a maritime pine forest in ^ 
vhich resin-tapping is practised is the State Forest of La ' 
Teste, in latitude 45^ near Arcachon, bordering the Bay of 
Biscay. It is situated on a sandy soil, with layers of iron-^ 
)an, termed alios* The rainfall is 32 inches and the mean' 
emperature F. With the exception, along the coast, r 



Fig. MSa. — CvojrH-st’clioii of a |Miie first tapiKHl “ alive,” and then tai)frcd 
to iliiaih. 

Grwvcs I to 7 nimlu from age of 21 every 4 years to 4r». Gix>oves 1. to IX 
made at the nge of ,11 year.s and have killed the tree. 

of 1,680 acres of protection-forbst which is very scrubby 
owing to the violence of the westerly winds and serves to 
protect the better portion of the forest from wind and shifting 
sand, the remaining area (4,500 acres) is worked chiefly for; 
resin. It is divided into 12 compartments, averaging 37lfi 
acres each, which are regenerated successively when from 

• This acooiiut is the result of a visit made by the translator to the forest 
Teste, in 1S94, with Mr, Heaiie, when Mr. Qrandjean, the local forest«ofllo(^^ 
fall in^eriaation regarding the management of the 
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to ()0 years old, there being then from 80 to 100 trees per 
' to*e which archil tapped to death in the course of five years. 
The trees in a compartment 55 vears old are for this purpose 
sold standing and must he felled within the five years, heing 
meanwhile made to yield all their available resin. Tlu* under- 
growth of pine seedlings, tree-heather (KWiy/ arhutus, 
gorae, etc., is cleared away, and the area sown naturally by 
.seed which blows on it from adjoining areas, artificial sowing 
being effected, if necessary, to coinjilete the regeneration. 

Thinnings are commenced when the saplings are about 
five years old, maritime pine requiring more exposure to light 
than almost any species, especially if it is to yield resin as 
well as timber. These tliinnings are repeated every five 
years, the trees being about 10 feet apart wdion 20 years old ; 
the material is not saleable in the Forest of Teste till it is BO 
years old, being often given away gratis for fuel, or left to rot 
on the ar(‘a, which it does rapidly. In older thinnings, trees 
over 1 meter 10 centimeters (8i feet) in girth which are to ho 
repfioved are tapped to death in five years, whilst the other 
trees over this girth are lapped alive, as already described. 
Trees of less girth are not tapped. 

A workman and his wife* can fill GO casks of crude resin 
(each containing 50 gallons) from 5,000 to G,0(K) grooves, 
representing double the numlier of trees ; half tlie value of 
the resin collected (about OCX) francs =1^86) is jiaid him in 
. return for his labour. One groove yields 2J quarts in a year. 

The estimated f outturn per acre of the fellings sold in 
1894 was : — 



A«f. 

No. of trv 

CK 

Toiilwr. 

Kiu‘1. 

U'Kin. 

i 

Yijars. 

Ah\p. 

To Uoalli. 

C. 

(?. fci-t. 

OailoiiH. 

Final felling . 
Last thinning . 

o(i to fiO 
51 to 65 

fiS 

n 

11 

i,y2:> 

148 

1 

1,090 

172 

4;io 

210 


• M. Gmndjean kindly has supfdicd the following figures : (d) A grrjove oa 
the average, according to the size of the tree, yieltis 1 kilo. 8S0 gr. (1 litre 
.weighing about 1 kilo.); (//) A man can look after aV>out gntoves in a 
keaeou and collect 4U casks of 2115 litn^ each, 
h i Froan acc«>unt by N. Hcarle, “ Indian Forester, ’ duly, ISlir*. 
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The timber is cut mainly into railway-sleepers and pit-props, 
which latter are exported cliielly to England. ^ 

The French forest otlicials do not consider that (>0 years is a 
long enough rotation to get tlie full benefit from the forest, 
especially in timber, and it is proposed to lengthen it to 75 
years, with 15 compartments. 

Private forests of maritime pine near Arcaclion are managed 
chiefly for the yield of resin, and consocjuently are tapped 
younger and more severely than are the State forests. 

Boppe estimates that in a private maritime pine forest, 45 
years old, each tree will yield (>J to 10 pounds of crude resin 
per annum. The yield per acre varies greatly, according to the 
nature of the soil and the management ; 250 to 450 pounds 
per acre per annum are given as the extremes. The value 
of the casks of resin containing 235 kilogram (625 pounds) 
was 40 to 45 francs in 1885, but only 30 to 35 francs in 1804. 

One of the reasons for the variation in price is that the 
spring-crop of resin is much lighter-coloured and freer from 
impurities than the autumn-crop, in which harraa is added by 
the workman to the extent of 50 kilograms ])er cask. 

The chief dangers in the forests of maritime pine are fires 
and invasions of shifting sand, the protective measures 
against which are described in Vols. II. and IV. of this 
manual. 


B.— Tappino Otheii Species for IIesin. 

1. Si leer -fir. 

Most of the crude resin in the silver-fir is contained in its 
bark, where a few drops of resin accumulate in little project- 
ing blisters. It is collected by pressing these blisters with 
ihe sharp nozzle of a small tin vessel. This practice, which 
jriclds little and is being abandoned gradually, produces 
Strasburg resin. 

2. Spruce,* 

The spruce is tapped for resin by cutting long narrow 
a;rooves (8 to 6 centimeters broad and 1 to 1*5 meter long) 

• trhis account in taken from Gayer.— Tr.] 
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through the bark of the trees down to the cambium -zone. As 
a rule, two grooves are thus cut on opposite sides of a tree, 
and wlieii tlie supi)ly of resin from them falls olT, two more 
are opened between them (Fig. 384). The 
crude resin pours over these grooves from 
the large radial resin-ducts and gradually 
covers tliem with a hard crust of resin. 

About a year after tapping, in the second 
summer, the workman removes this crust 
with a special iron implement, scraping it 
into a conical basket, made of spruce- 
bark, placed below the groove; he after- 
wards empties the basket into a larger 
one, in which the resin is well pressed 
down. 

The callus, which forms over the wound, 
is- cut about every four years to expedite 
the exudation of resin. 

The process of resin-tapping causes 
decay in spruce trees, and by depriving 
the wood‘d' of its resin reduces the quality 
of both iiinh(‘r and lire wood. If, how- 
ever, the usjige he r(‘stricted to the last iwwn- 

10 years before the trees are felled no 
damage is apparently caused, except the reduction in size of 
the logs, due to the grooves cut in the stem. 

The annual yield of resin from spruce trees in Thuringia 
80 to 100 years old, when tapped during the last 10 years 
before they are felled, is 30 pounds of galipot and 48 pounds 
of crude resin per acre. 




3. Larch* 

Most commercial larch -resin comes from Austria, where 
two methods for its extraction are employed, as reported by 
Marchand.t 

(a) The Styrian Method.— A hole, centimeters (1 inch) 

• * The wood of the black aud maritime pines, on the contrary, becomes more 
when tapjicsl 

C & t “ Mission forestiere eii Autriche.'* Arbois-Jare), ISev. 



in diatiKiter and 80 to 120 centimeters (2J to 4 feet) long, if 
bored with an auger into the trunk of a tree as near the:j 
ground as possible, sloping upwards and passing across the, 
axis of the tree. Crude resin exudes through this hole into a 
pot placed at its entrance, from which it is guided to the pot 
by a pioc(i of spruce ])ark. Impurities are ko})t out by cover- 
ing the pot with a leafy branch of spruce or a piece of hark 
(Fig. 378). 

Jtesin-tapping exhausts the larch, so that the resin is 



Fig. ;wr».- -Styiian mel.luK.1 of tapping larch. 


collected for a season only at a time, the hole being then; 
stopped with a piece of wood which is removed after a rest of 
from two to six years, when the How of resin recommences.. 
By means of this precaution the tree may he tapped for 30 
years, or more. 

(h) Tyrolese Method. — In this ‘case (Fig. 886) the hole in . 
the larch tree is somewhat larger than the preceding oml 
(8 centimeters) and is either bored horizontally or at an ang^ 
towards the axis of the tree, being then closed by a plug*; 
The resin which silbamulates in this hole is removed 
autumn by means of a specially made spoon. r 

The process is carried on only at intervals, as in the 
case; but, though it yields more resin at 
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weiikeus the tree more than the Stvrian method and cannot 
be applied for more than 15 to 20 years. 

Tapping the larch for resin yields very little profit to the 
owner of the trees — viz., about kd per tree amuially. This 
is as nothing when compared with the damage ea\ised to the 
wood ; only trees 150 to 200 years old can be tapped. 

■1. Black Pine. 

The black pine {Pinati Laricio, anstriaca) is ta])ped in the 
Wienerwald by removing the bark from the base of the tree 



Fig. Tyrolcsu tnothoa of lainuni:; 

over about one4hird (Gayer says two-thirds) of its circumfer- 
ence to a height of 40 centimeters (15 inches). A \ -sliaped 
niche, which servos as a reservoir for the resin, is then cut 
into the base of the tree, below' this blaze. The blaze is 
trimmed several times in a season by cutting into tin; sapwuod, 
and in succeeding years it is heightened annually by 40 centi- 
neters, small pieces of wood being inserted in cuts made in 
be blaze, bo that the resin may not form too thick a crust, 
nit may fall into the niche. The crude resin is renK)Vod from 
he niche once a fortnight, and the crust and dry resin in 
lutumn. Thus, at the end of 10 years, the blaze will be 4 
neters (18 feet) high. 

These broad blazes are never occluded by new wood; the 
p.ty. ^ ^ 
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gtem, however, hocomes saturated witli resin and does not decay, i 
There is a considerable loss of timber, owinf; to the grooving, 
The black pine yields from 2^ to kilos (5J to 10 pounds) 
of c;rudo resin per tree annually ; 50 })oundB of the crude resin 
yield 7 to 10 pounds of oil of turpentine, and about ‘dO pounds 
of colophany. 


Section V. — Yield of Resin and Effects on the Trees op 

llESIN-TAPriNO. 


Traci ical (^x])erience in resin-tapping gives tlie following 
annual yield (jf crude resin per tree, for tlie various species, 
the reduction in resin is approximately proportional to the 
coolness of the climate : — 


rinuB Bhasiana 
,, Merkusii 
,, palustris 
,, rinaster 
,, longifolia 
„ austriaca 
,, ]>() (old trees) 

„ oxcelsa . 

Picoa oxcelsa . 


15 lbs. 
PI „ 
0-25 „ 
b-() „ 
5*5 „ 
4T) „ 
8-30 „ 
2’64 „ 
1-1 „ 


Tlie usage is leased on a definite area, or at so much a tree 
annually. In the latter case the height of the groove is 
limited. The resin may he liarvested also by the forest 
manager and the rosin sold. 

The effect on the trees of resin-tapping, according to Mayr, 
does not involve a deterioration of the heartwood, either in 
specific weight, strength or durability. This has been proved 
by experiments made by Gomberg* in the strength of tapped 
and untapped trees. The sapwood is said to become less 
durable, its durability is little enough in any case. Never- 
theless the consequent deterioration in the utility of the 
. timber is considerable. That resinous wood is formed around 
the grooves is not unimportant. Stoger and Seyfferfct have 
proved that cones and seeds of tapped pines are small and that 
the seedlings are weak, though no degeneration of the trees 


* United States Dei>artment of Agriculture, “ Forestry Bull.” 8, 1898. 
f •• EentmlblaU f. das Eca. Forstwesen,” 1878,1885. 
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owing to tapping has been proved. Nordlinger sliowed* that 
during tlje tapping, narrow-zoned and heavy wood is produced, 
but that this wood is weak owing to the waviness of the fibres. 

Tlie most valuable part of the resin is the oil of turpentine, 
which is obtained from crude resin by (listillation and is 
collected in a cooling tank filled with water. The process is 
explained in the next section. 

The percentage of oil of turpentine in the resin of different 
trees is given below : — 


Spruce, 

German turpentine 

20 i)or cent. 

{PinuB loiigi folia, 

Indian 

tt 

32 „ — Tr. 

Maritime pine, 

Ph-ench 


as „ „ 

Austrian „ 

Austrian 

t* 

25 „ „ 

Longleaved „ 

American 

If 

• 17 „ „ 

Larch, 

Venetian 

ff 

25 „ „ 

Silver-fir, 

Strassburg 

tf 

3S „ „ 

Tsuga, 

Canadian 

ff 

18 „ 


The distillation of tur])entine from the wood of felled trees 
yields only impure turptoitine mixed with resin and tar. Tar 
is made from resinous wood by dry distillation in pits or in 
closed retorts in remote forests. [This is described at length 
by Mat hey {“ Exiiloitation commerciale des hois.”) Ordinary 
charcoal-kilns are erected in the Landes, and the tar runs out 
below and is collected liy a channel leading into a reservoir 
from which it can be ladled out after (>0 hours burning of the 
kiln ; it is then removed every 0 hours, the resulting cliarcoal 
- is light.— Tr.] 


, Section \I. — Extraction of Oil of Tttrfentine and 
Rosin from Crude Resin, f 


Casks of crude resin continue to reach the factories at La 
.-Teste from March to October, the last consignments being 

' * N<5rdlinger, “ Einfluss flcr Harzimjj auf Wuehstum u. dcr SohwnHz; 

ilifiaire;’ mi. 


account is taken mainly from papers by N. Ilcarlc and E. McA. Moir 
Indian I orester, June and July, 1H95. Both these gentlemen, a» well as 
trsmslator, in 1894, visited a resui-factory at La Teste, near Arcacboa- 
.\^^nging to Mr. Ijtasca, and all the irifunnation given in tiiis chapter has been 
kindiie&<i. Mathey, op. rit.j gives a more detaiind an<i well 
aocoont of the process. — Tr, 


f^A 9, 



7*4 FKOPBBTIBS, HAKVESTINO AND DISPOSAL OP BBSW'. 

dark-coloured and interior in quality, ^rom it, .^1 ^ 

tine the chemical formula for which is CioH,.,, is dism , 
Taving 'lei osi.ed an oxidised siihsiance which is sdul at 
ordinary t( lui.eratnres, and is termed rosin, or colopha y. 

ry nioUbif and filUaiu^ ilia cnaln rosin, so Unit tlio water, 
sand idecesof hark and other imimrituM- i.re sei.arated fion 

Bv distilline the crude resin, the oil of tuii.entine an. 
cdoidiany are separated from one another, as these substance 

have dilTereiit hoiline-points. 

The crude resin, after being passed through straw hltcis. 



V'--- 

Bufiiciently fluid for this to be done, is placed in an 

V.t (Bic ‘187 No. 11 and heated until it is completely liquefied. 

S “ ;.t* C sitrl. a. ...nd. oU.., to tal to . « 

taU,,,., ol tin. V..I. .I.ilo i...l...nti.s, ''P* " 

etc iloat on the surface of the melted resi . • v \ 

delkate operation, as if heated unequally, the resm is liable to 

“xhe^ hnpurities are separated from the resin, either by 
ladHng it through straw-sieves, or passing it through a grating 
Ifa second vlt. The operation of heating and filtering goes 
on a day in advance of the distillation, so that three vats are 
required, No. 1 vat lieiiig always used for boiling and the other 
two vats, alternately, as reservoirs from which the resm is 
ladled into a small tank from which it is passed through a 

■ tan to the retort shown in Fig. 387. „ *i.» 

This is the method employed late in the autumn, when the 

* Chleay larv» ol toacts. Thi. scoom.U for the Hies m ember. fossU teeta. 



EXTRACTION Of OIL OF TURFENTINE. 
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resin contains many impurities. Earlier in the year, ii is passed 
directly from vat No. 1 to No. 2, a retort in wliicli ii is ilislilled, 
the arrangement of the vats then hein']j as .shown in Fij.^. :hS7. 

Tln^ riisin in the retort is heated to a iemi>eratnre (d alu)iit 
185' F., steam (hy the use of which :K) per ct:nt. na*re tm pen- 
tine is obtained) hoino admitted liiron;.jh a j)ipe. From this 
retort, vapour of the oil of turpentine and \vater-vaj)our pass 
througli a coil of tubing into a cotding tank, where they are 
condensed ; then they are draw'ti olT into a smaller tank, the 
water remaining below with the turpentine floating on it, ow'ing 
to the lower speciiic gravity of the latter. 'I’lie oil of turpentine 
is run through an overflow pipe into a zinc vessel mounted on 
a truck, and conveyed i)y means of a tramway to the lur[)eii- 
tine shed, where it is pumped into large metal tanks, measuring 
10 feet by () feet by h feed., from which it is drawn, as requii'cd 
for sale, into old Spanish wino-ca,sks. No system of imrifying 
is in practice, and it is sold just as it issues from the still. 

Tlie waU'r, wliich is removed by a syphon from lielow the 
turpentine, passes after use through a series of shallow open 
tanks in a courl-\aid, from which it is pumped hy a small 
steam engine into an eltwated r(‘S(;rvoir ; it is then used again 
for cooling the tur^ajiiiiiie. Tlie engine also drives steam into 
the distilling retort. 

The liquid colo[>hany, after distillation of the turpentine, is 
allow’ed 1(» flow from tlu' base of the retort by removing a 
wooden ])lug stamped witli clay. It runs into a straining tank, 
passing over a very line copjxjr wire sieve, whicli catches most 
of the impui’ities it has still retained ; the rest falls to the 
base of the straining tank, in the form of a black d(q)OHit 
resembling j)ifch. The straining tank lias a tap placed about 
half-way down, through which the liquid colophany passes 
during autumn into another vat, from wdiich it is ladled into 
large casks containing about 800 lbs. 

During summer, however, after a sample has been taken 
out in a tin mould, the rest of the colophany is at once ladled 
from the straining tank into buckets, then it is carried to an 
Open court-yard, where it is jwured into open shallow metal 
pans about two inches deep and slightly smaller in diameter 
than the casks in which it is packed finally for sale. It there 





cooIb into cakes which are exposed to the sun till sufficient 
bleached ; they are then placed, one above the other, in tl 
casks and everilnally unite into a sin^^le mass. 

Great attention is paid to uniformity of colour in each , 
the sample shown to the purchaser being the worst colcl 
in the cask. The colophany goes into fou^ main classea 
spring, summer, autumn and winter, the first being li^ , 
coloured and most transparent ; and the last, made chi^V ’ 
harms, being darkest. The tints vary from very pale 


parent yellow to dark aml>er. AVhen nearly black it is t 


ned 


of 


hmis. Great stress is laid on transparency, denoting pui^' 
tlie samples, as well as on their light colour. The dark 
coloured colopiiany is worth only one-third the value o^^^^ 
palest brand, the prices varying from 4.s\ to 12«. [hi per 


Besidcis the 


class(is of colophany, the comme/ 


eic 

1 



grades range from A. the darkest, to N. extra pale, superior 
which are W. window-glass and W. W. water- w^hite. Th^' 
are American brands, which have been adojited in Trance 
A baiTcl of 520 lbs. of crude turpeniine yields 
coloiihany, 110 lbs. oil of turiieiitine ami 40 lbs. refuse. 
oil of turpentine sells at about 2hs. per 100 lbs. 
manufactured produce goes to Bordeaux, whence 

to the principal European countries, or used in F 

chief British supply of rosin at present comes from the Unil^ 
States of America, being 1,020,852 cwt. in lOOG, while 235,8 * 
cwt. came fi’om France, 72,748 ewt. from Si)ain, and 21,2^ 
cwt. from other countries, the whole being valued at i*819,34^ 
The (pmntity of oil of turpentine im 2 >orled into the Unite 
Kingdom in 1<J0G, was 512,83() cwt. valued at .il,07G,87i 
cliietly from the United States of America (890,382 cwt.) an 
Busfiia (78,884 cwt.) 


Section VII. — Commercial Prouccts prom the Crude Rb»i 
OP THE Maritime Pine.* 

The different products of crude resin are : — 

Qalipot Brais, 

Oil of turpentine, Turpentine paste, 

Colophany, Pitch. 


From Doppo, tip . eU . 



FEoiiVBisiNi f ; 

Oalipot is dried resin picked from the tapped trees, and is 
Used in certain varnishes, also in naval construction, especially 
in Holland, for j)ainting ships and masts. 

Oil of turpentine is distilled from crude resin ; it is used 
chieliy in oil-colours, varnishes, and mediciiie. 

Colophany is the best part of the residue after distillation 
of crude resin, and is used for soap, papier-mache, sealing- 
wax, etc, 

Brais is obtained by heating in a retort the straw sieves used 
in filtering the resin, and also pine-roots. It is used in making 
torches, and is run into small square boxes round four or five 
wicks, and these are lighted on frosty nights, burning with a 
dense smok(', which proti^cts vineyards from frost ; it is used 
also for soldering metals, or may be made into pitch. 

Turpentine paste is used for varnish, sealing-wax, litho- 
graidiic ink, etc. There are throe kinds : — The ordinary qmility 
is obtained after ci’iide resin has been filtered but not distilled. 
Pdtr a\i soldi is obtained when crude resin is exposed to the 
sun’s heat in veshols filled with holes, through which ilie more 
fusible portions exude, forming the paste iii question. When 
casks full of crude resin are exposed to the sun, the portion 
exuding through the staves is termed Pale de Venhi\ Tlio 
comparative values of these three kinds are as *.17 : 40 : 250, 
those numbers in francs representing the value in oJich case of 
100 kilograms. 

By burning the roots and stumps, and the residue from the 
factory, in closed masonry chambers separated by metallic 
walls, lamp-black is obtained. Finally, by distilling pine-, 
wood, pine oil is obtained, which may bo used for lighting 
purposes, or as an antiseptic for preserving wood that is used 
in the open. 

[Fig. 368 (p. 698) giviis tlio latest American methotl of lapping J*him 
pahutlriSyVihldi, and J\ hetcrophijlla, the Oulmn pine, is Unrowwl from Mayr’s 
fiUggestioDS, given in “ Harz der KatielhSlKer,” Berlin, 1K9I, hut does not appear 

be so g<X)d as the French meUioil alremly described, p. 7U7.— Tr, ] 
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(CHAPTER V. 

OTHEE MINOR PRODUCE PROM TREES. 

Camphor j'k ji. carholiydrate of erystallini^ nature, with 

a cliaracterintic scent and taste ; it (‘.vaporates at ordinary 
teniperatures. [Tliere arc two kinds of camphor, Japanese 
and Jiornoo camphor, their re.sp(‘.ctive com})osiiions being 
CjoHhO and the latter has an aliacooiis odoiii' and 

thus may l)o nicognised. — Tr.J 

(Camphor is formed in sac- like prolongations {)f 2)arenchy- 
matoiis colls in tla^ sa 2 )wood jind otluu* j)arts of the lauraceoiis 
cam^dior tree, Cuinamonnim ('amphora ; the camphor also 
accumulates in the c(‘lls of the heartwood and root-w(>()d of 
very old tre(*s contain the most of this siihstance. Pure wliite 
camphor is obtained hy cutting the wood into small jaeces and 
dry distillation. Japan has the chief forests of camphor trees, 
and by the conquest of the Island of Formovsa has practically 
a monopoly of tliis product; its yearly tix^mri is about 2,500 
tons of cam[)hor. The dipterocar 2 )Ous tree, Drpohalauops 
Cumphora, growing in Sumatra, Romeo a-nd the ]\lalay Penin- 
Bula, yields Romeo camjdior, nine trees producing aboutaewt. 
It is ex]>orted to Japan and China, and there usi'd locally in 
preference to Jai)anese camjdior, which alone comes to Europe* 
Coniforin is a glucocid, which, hy ahsor})tion of water, passes 
over into glucose. It occurs chietly in the saj) of the cam- 
bium of conifers, at the end of each year’s growth. By 
oxidation, on being treated with dilute acids, coniferal-alcohol 
is formed, and by further oxidation, Vanillin ; the latter is in 
white, aromatic cryrtals, exactly resembling those derived 
from the pods of the Vanilla plant. 

Sugar, as cane-sugar, occurs in the sap of all woody species^ 
especially during the season when the cambium is fully active* 
Economically valuable sugar can l>e obtained only by wounding 
certain species, such as maples and birches. It is not known by 
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wliat means the suf^ar is pro(Uic(3d ; probably it is connected 
witli the conversion of starcli into supir, in connection with 
the t in <^esceii(*e of tlu' sapwood. Aeconlin^ to l>i'. J. (liiTord 
(“Practical Porchtry,” ltK)2b A inerira produces annuiilly, from 
nuipl('s, 20, 000 tons of su^ar and 250,000 Gallons of syrup, lly 
tapping tli(‘ tree in January, the air-leinpernture is over 
O' C., the sugary sap exudes frecdy. 'Phe sugar-maple (.leer 
fi(nrharuni) is bored with an auger at 2 tod feet from its base to 
a depth of 2 to 4 inches and a piece of elder-witod without its 
pith, or a metallic tube in.serted in the boring, a vessel being 
bung from the tul)e in order to collect the sap; the maximum 
annual yield of sap by each tree is about 40 gallons, from 
wbicli 10 lbs. of sugar is made, or on the average 4 lbs. of 
sugar per li ee. The sap is rcunoved every morning, and its 
flow stops wluui I lie leaves come out. Trees should not be 
lapped till tlu^y are thirty years old, but afterw'ards may be 
tapped as long as the tree is alive. IJitberto no injurious 
elTects in iIkj (jualily of the wood or the vitality of the tree, 
except for llu' wounds causiMl, have been found to result from 
lapping the sugar-maple. Kiiropean niai»les yield sap, which is 
hardl\ inhu'ior in llavonr to that of maple-syrui) ; the sycamore 
is sp( 3 ciaily suitable. [ Plufui.r «///rci>7/a.s‘,ibe wibl date-palm, is 
tajjjied in India for s\rup, wbicli is boiled down and retined 
into sugar, or fermented into an alcoholic drink.-- -Tr.] 

Till', bii'cli also yiebis sugary sa[) when taj)pe»l before its 
leaves s})rout. This sap is used jiarlly as medicine, partly 
after a sliglii fornienlation, as a beverage (bircli-wine). 

Trees, chietly tropical yield dyes, which are extracted from 
their wood-cells ; such as Redwood from Pernambuco iCfCsal- 
junitda hruziVtmdH^ (^ cchiuuhf^ C. Sappan) ; Logwood {Jlactna- 
toxiihn c(tmpechiauum), from the W. Indies ; Red Sanders 
{Pterocarpiis HantalniUH), from the Cuddapah district of Aladras. 
The bark of the N. American dye oak, Qumus velutina 
(tinctorid), yields a yellow’ dye, so does Fustic from the wood 
of Machini tiwtoria, from tropical America and the \V. Indies, 
also the bark of the root of the Osage orange-tree, Toxplon 
pomiferum {Madura aurantiaca) from N. America ; the inner 
bark and roots of the common barlierry also afford yellow dyes, 
so does Phelladeudron amurrme from Eastern Asia; the woods 



European trees and of otfior t • 
extract. The husks of the fr.i.>/ r?.*! 
other species yield useful dyes - the'*! an( 

^urkey and Persia as YeUow or PeJl’^7 
l^ark of llhamum ehlorophnms and R th« 

pare a very beautiful green dve mil <"’h^"o«e Pre- 

wsod also for dyeing silks af^T . ^^inese green indigo, 
been extracted from R. catharlJuT~TTl 
P and the red erythronhvll nf t gi’een chloro- 

<tyos. The fact, that many 1 

inanent than dyes prepared frmn “"i'® iw- 

siiH to conipoto with tlie latter. enables them 

components ort}?ereell-wallr TT f 

l^ark are they of commercial val’uc l n'"" “ 

wounds in the hark of trees r ’ ^ ^ ^ through 

[The chief lands of rnivv.* 
gum-resins, copals, oleo-reshm 3 elvt-**’ 
great importance tlmt the gums’coll i r" of 

should not ho mixed, and that thev S'" 
earth and other impurities ^ ‘ f‘'0“ bark, 

«'«0 grooving in giud, the P„n ‘an?!" 
acacias yield inferior gums and ^ f’uijputana. Other 
, amall tree of N. India, and ma^or^ » 

tree and other species of PmmJthl'T' '^.'"‘’“8 cherry- , 

. ongin. Those gums are used in cali3rir!3 0 

giving Jusiro to sijh and for inanv f/ inedicine^ 

Qum-tragacanth is insoluhln • ^ purposes. 

■produced by species of -4*trm,a/,J"anrt’ 3 “ 

I jre partially soluble in water'^ and a tvf or^' 

f . or uov^ Prmtxug, Calcntb£ii 
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^"gum-resin, from IHerocarptis Marmpium^ from India and 
Ceylon, contains 75 per cept. of tannic acid. 

Dammar, or copal, is a gum-resin used in making varnish. 
The finest transparent dammar comes from Dammaru orientalist 
;^the Aniboyna pine, growing in the Molluccas; D. auftiralis 
(New Zealand) also yields dammar, so does ]'(iti'ria indicat a 
large tree of the Indian Peninsula, its dammar being white 
and valuable. Common dammar comes from A(fa(hiH loranthi- 
folia, a conifer growing in Borneo arid the other larg(^ islands 
of the Indian Ocean. 

Lac is a resinous incrustation on the twigs of various 
Indian trees produced by a minute lu'miptorous insect, 
Ta(dinvdia iMcca. This substance contains a crimson dye, 
known as lac-dye; also shellac, used in making varnishes, 
cements, sealing-wax, laccpier woik, lithographic ink, gramo- 
phone records, etc. For a full account of tlio method of 
production of lac, the reader is referred to Trou])'s “Indian 
Forest Ftilisation.” 

Elastic gums include the valuable products, caoutchouc, or 
rubber, gutta-percha and balata. 

Caoutchouc* is the produce of various trees, shrubs and 
climbers, growing generally within 250 miles north, or south, 
of the equator, usually witli an animal rainfall averaging 
80 inches, hut in the Congo not exceeding 40 inches; the 
following are the cliief species that yield caoutchouc : 


Jt 

N.-itnrul OultM. 

(•♦•niu* and 


Kuphoubiackae . 

ileveu hruzilieriMis. 

Valleys of the Amu/.tdi uiul 
OniuK‘0. 


Maniliot Olaziovii . 

Ceara. 


M icranda major . 

Antm^on, 

Ahtocarpaceae . 

(’astilloa olaKtica . 

C, America. 


Ficus elastica 

Assam, Ilmmu, .lava. 


„ Vogelii 

tlold Coast. 


„ various 

Snudrtii, Venezuela. 

Apocynaceae 

Haiicriinia s^weiosa 

Pe,niambuc’o, reru. 


Cai'iKKlinuM lanceolatus . 

Congo State. 


Urceolft cbistioa . 
Funtuniia (Kicksia) elas- 

IJurnc<». 


tica .... 

VV. and C. Africa. 


Landolphia (many sp.) 

Madagascar, Mozambique, 

Auclepiadeae . 

Calotropis gigantea 

J AsKum. 


; • “India-rubber and ita Manufactures,” with chapters on gutta-i>ercha and 

i'bakta. H. L. Terrv. Constable & Co,, Ijcjudon, 11)07. 
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Caoutchouc trees show great variations in form and size, 

- The llei M and Firua elaatica fire huge trees, while iheLandol- 
phian ef AV. Africa are lianes, and tlic rubbers of the Congo 
btat() are (d)taiiied from the rliizouics, or underground sterns,^ 
of plants tliat grow only one or two feet fibove the sand. The 
best rubber is o])tfiined from the Ilevea in the Amazon valley, 
and is known jis Parti rubber. Its composition is as follows ; 

Caoutchouc ..... 81 '70 per cent. 

Allanmui 1*90 

Otluu* nitrogenous and saline matters 10*08 „ 

5()*87 

Ihe best (]uality of Para rubber is smoked carefully with 
pfilm nuts, before export. Rubber is pri^pared also most 
carefully in the Congo State, and is conse(|uently in great 
demand, 

Jiuiy Sfiys, that, letiving out the wasteful destruction of 
trees by hdling, tiie following points in the preparfitioii of 
rubber call for special attention : 

1. Cfireful tapping so that other juices of tlie tree may not 
bo mixed with the latex. 

2, Avoidance of mixing bit<^x fn)m several species so as 
to increase bulk. 

8. Removal or sterilisjition of ftu'mentible filbuminous 
matter. 

The raw rubber production of the world for iyO(> has .been 
calculated at (>5,000 Ions, of wJiich 41,000 come from tropical 
America, 22,000 from Africa and 2,000 from Asia. It is a 
ciiaracteristic of the tropics, that freipiently plants from all 
tropical districts can be planted successfully in any tropical 
district. As extensive plantations of Ilevea and other rubber- 
plants have recently been made in Ceylon and in the Malay 
peninsula and in Islands, the supply of caoutchouc from 
Asia will become gradually more important than it is at 
present. 

Gutta>percha is the produce of the sapotaceous trees. 
IHchopsis Guttu and i). oblongifoUum of the Malay peninsula, 
and of Borneo, Sumatra, Java, Celebes and the Philippine 
islatids. Gamble states that the method of production has 
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been very wasteful hitherto. The tree is felled and the hark 
stripped or rings cut in it at intervals of a foot. The sup 
oozing out is collected, put in a pot and boiled with a little 
water, it is then run into moulds. The tr(‘ea used arti to 
85 years old, each tree yielding 2 to 8 Ihs of gutta-percha. 
French exports say that it can he ohtaiiu'd from the leaves, 
which, 11. C. Hill (lh»port on I'orest administration of the 
Federated Malay States, 1900) says yield tlie best gutta-percha, 
valued at 15 j?. a Ih. Hill recommends the planting of the 
above-mentioned species, with Fiujmeii fv(ujrnnH and M:vVta 
pahudutiiica to act as nurses, and advises experiments laang 
made to ascertain the most economical method of obtaining 
gutta-]iercha with the least damage to the crop of trees. 

Gutta-percha dilTers from caoutchouc chiefly in its plasticity 
under heat."' Thus, if a piece be put in water, that is 
heated gradually, it becomes more and moro plastic, until at 
190 F. it can he drawn out into forms whicdi it retains on 
cooling. U is used specially in submarine cable-factories 
and also for making golf-halls and for other pur[>oses. 

In 1890 the im))orts of gutta-percha were as follows : 

Great Britain 1581 tons. 

Best of Europe .... 2-19-1 ,, 

Tiiited States 197 „ 

Terry says that since the completion of the all-British 
Pacific cable, exports and prices have materially declined. 

Balata occurs as a latex in the bark of several sapotaceoiis 
trees, of which Miinunopa haUtia is the ]>rinciple producer. 
The tree is found in many ecpiatorial regions, hut chiefly in - 
Venezuela, the Guianas and the W. Indies. Terry states, that 
unfortunately it is lumped together with guLta-i>ercha in our 
trade returns, but as it is used largely in the manufacture of 
belts for driving machinery and is much more resistent to 
atmospheric oxidation and in toughness than gutta-iK;rcha, its 
production sliould he an important industry ; it is used very 
largely in beet sugar-factories for machinery belting, as it 
withstand the chemical solutions met with. About 1,000 
tons annually are imported into Europe. — Tr.] 

♦ Teriy, op, df. 
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Bii^d-Ume is made from the fruits of mistleto {Vkcuin 
ilhum) and from the inner bark of holly. The inner bark of 
rroehodendron (Japan) yields a stronger bird-lime. Hydran- 
geas, Hibiscus and Acer crataejfifolium (Japan) supply size for 
paper. 

Lacquer from China and Japan is made with latex of Bkus 
erriicifera. 

Oils, fats and wax. — Usually oils are pressed from seeds ; 
leech-nuts, walnuts and hazel-nuts and many other fruits 
ield oil. Vegetable wax covers the bark of Myuca cerifera^ 
n the southern States of N. America. Wax used in Japan 
or making candles and oil, is obtained from the seeds of lihus 
uccedunca, which also growls in the Himalayas. [The euphor- 
)iacec)UB tree, Sajaim sehiferum^ the Chinese and Japanese 
iallow-tree, is cultivated in India, wax-candles are made from 
t in China and Japan, the wax being separated by boiling the 
jeeds. C-oeoanut oil is prepared from copra, the dry kernel of 
Oocoa nuci/cray wdiich is an important article of trade. — Tr.] 

Salicin is a bitter substance prei)ared from the bark of 
willows and poplars and used in medicine as a febrifuge, 
instead of^ quinine. 

Quinine is a bitter alkaloid, coming into trade as a phosphate 
or sulpliate. It is present in the bark of species of Peruvian 
Cinchonas, which are cultivated in subtropical countries, as 
coppices, resembling those for oak-bark. In very wet localities 
during the monsoon, the bark is stripped from the tree close 
to the cambium, which produces fresh inner bark. In Java, 
by grafting shoots that are very rich in quinine, on naturally 
grown seedlings, a 20. percentage of quinine has been obtained. 
[In India,* Cinchona Calisaya, at moderate elevations, yields 
the be^ bark, rich in alkaloids, of which quinine forms from 
half to four-fifths. C. ofilcinalis, at high elevations, is noi„ 
quite so rich, while C. succirnhra, thrives at lower elevations, 
but is comparatively poor in quinine, though rich in cincho- 
bine and chichonidine. The trees grow in Peru, at altitudes 
2,300 to 8,000 feet al)ove sea-level. — Tr.] 

Gamble, “ Mainml of locU»» fmibers/’ 190?, 




PART III. 


XTTILIZATION AND DISPOSAL OF MINOE PRODUCE 
FROM THE SOIL OF THE FOREST. 




CHx\PTEK 1. 


UTILIZATION OF POBEST HERBAGE FOR FODDER. 

The natural fodder produced forests can l>o used in 
several ways for cattle-fodder, either by driving the lH^asts 
into the forest to graze, or bv allowing nuui to cut grass or 
the leaves of woody plants, and use tluun for stall- fodder. 
The present chapter is therefore divide»l into twe scu-tions : 
pasture, and grass-cutting. 

Section I. — Pastuke. 

Forest jjasture incliidoB all grasses, herbs, leaves and shoots 
of shrul>s, as well as forest ])lants. The best grasses and 
herbage for milk production in iIkj Alps are : I'o.i alpma, 
Ah'lu>,iinll(i alpiuif, Pldiitapo alptiniH, Mctnu mufrl(n/a, Arhilh’a 
moachata, etc.* The amount of fodder (h^jiends on considera- 
tions, which lire discussed under the following lujadings. 


1. Amount of Fodder, 

a. Climate. — The production of fodder ib greater in 
favourable climates; the cattle may he admitted into the 
forest at the end of April, or the beginning of May, and may 
remain till the middle of October. In unfavourable climates, 
the duration of pasture is much shorter, in the higher Alps, it 
lasts for only 10 to 12 weeks. May and Juno afford the best 
pasture, at high altitudes, also July ; in these months there is 
more fodder than in all the rest of the season. 

b. Soil. — A h regards soil, the amount of clay it contains (up 
to a certain point) is the chief factor in producing fodder: 
sandy soils produce as a rule the least grass; limestone 
mountains also produce little grass, l>eing characteristsd often 

. * W'. Streckcr, Erkennen «. Bt^timmen der Wieseugriiser. ” 3fd editjou, 
1000 . 
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Jx)vering consists chiefly, of dead leaves. In high forest, the 
most favourable localities for pasture are : narrow stj'ip- 
fellings, or large clear-cut areas ; extensive fellings under a 
shelterwood, that have been rendered unlit for natural 
regenerations by storms, which have blown down the mother- 
trees, are the best places in a forest for pasiun*. Next to 
these come coppices and coppice-with-standards, with their 
ai'oas either dear of trees or slightly shaded by tlm standards. 
Natural regeneration under a shelterwood diminishes the 
growth of herbage; in thorouglily successful cas(^s, there is 
nothing for the heasis to eat except the young crop of forest 
trees. 


2. Sprvu’s of Cattle. 

Forest pasture is used chiefly by horned cattle; also by 
sheep and goats; less frequently by horses or ])onie8. [In 
India, elephants, camels and hulTalos may ho added to the 
above list.— Tr.] Among these, horned cattle do the least 
damage, for they prefer grazing on the ground, and as long as 
there is suflicient grass and herbage, will not attack the woody 
plants. The sheep likes dry pasture, and prefers short grass 
among woody plants, to a strong, luxuriant growth of grass, 
and especially prefers fodder that has grown unshaded by 
trees ; it attacks woody plants much more freely than do honied 
cattle. If there are no dry pastures, sheep peel trees in a 
similar way to red deer. The goat is absolutely destructive to 
the forest, and no other beast shows such a preference for 
v(^dy plants, which it will attack, however abundant the 
supply of grass may be. This greedy lieast, often indeed 
indispensable to the poor peasant, bites off the buds, young 
shoots and leaves, of almost every woody plant within its 
reach; no forest is too remote for it, and no mountain too 
lofty, no patch of woody growth beyond its reach, and it even 
bears-down fairly tall saplings with its fore-legs, in order to 
nibble their juicy tops. Forests in the AIi)S, the South Tyrol 
^nd Southern Switzerland, which were formerly so well 
wooded, and those of Spain, Greece, Sicily, etc., have been 
destroyed chiefly by herds of goats ; even up to the present 
$k limit has not been put to their ravages. 



0 .- 


.r,*TTOS OT FOBE8T HERBAGE FOR 1 

74,0 XJTXIilViATION ^ , 

■L wxfili io tliG forest tUftn 
Yotmg cattle are exception to 

older beasts ; even calves plavtulness, partly to 

nibbling woody plants partlj « I ' ,Peep may be 

^ sist dentition. o, . a 

driven withont much dange sometimes 

reproduction-area well , the case with lambs. 

aL in the liar/., tins can „t eattk 

It is evidently necessa > amount of available 

admitted to grase iae forests, for instance 

{odder it cmtams. Nay J the number of caUle 

have suffered greatly from a^^ _ ^ reipiim- 

admilled into them by "artional to the of the 

nrenlsot fodder per bea a 200 kilos 

beasts; thus, a ^ ;"J,mplete nourishment 7 to 8 

(4 cwt.), reiiuires «lai > ' jiutulesbagen calculates, for 

kilos (15 to 18 Ibsl of bay , necessary, 

every cwt. I'S to 2 kilos U ,,, ene-ientb 

It calves are reckoned at U ^ pay are 

L weight of a full-grow-; co , o lu^ ( ,, 

reciuired for a calf; a«d 4 ’' .te yield of fodder in forests 

i„.ro..iU. !•> »)■ *';”* f ' ii to 700 to 000 kilos »1 

bay per hectare (Si to < c"d. i 
supply in good localities. 

«. .v,.o, 

The gain to agriculture ‘'^[""jJj^J^'i.prbage wbiob forests 
arge quantities of grass an ^ exercise of 

dually produce, and “^,,1 to be controverted, 

she beasts in the open ai , t „,a„ure is diminished con- 

On the other band, the ««l't-ly j;; " everywhere, the latter 

siderably, and whenever as now a^ «■ 

is the turning-imint of f aiiccess. The more, 

clearly a ^„,’^*^a.!ricultural conditions, and tto 

unfavourable, bowevei. the a^ means m 

more the cattle at least through the 

he attach to forest ^sture. fore^ 



PASTURE. 


741 


pasture, therefore,* at present prevails in forest countries that 
are recently populated, in mountain -forest regions whore the 
climate is severe, and also in disiricis where landed property 
is much sub-divided. 

Every settler ill a virgin forest district seeks to increase the 
growth of j^rass as much as possible, and opens out tlie dense) 
cover of the trees for this jiurpost). The trees are girdled; 
fire, which traverses the forest annually, expedites the growth 
of grass by destroying the forest and leaving a jirairie in its 
place. In Ainerica, Asia and Australia as in many localities 
in Europe, the opening out and destruction of the forest is the 
earliest mode of utilising it. 

Mountainous districts permit only of poor farming; there, 
crops of artificial fodder are scanty and the yield in straw is 
insufficient for the winter’s fodder-sujiply. Most mountainous 
forest districts are in this pliglit. The less favourable the 
conditions for agriculture, the more are the })eo])le driven to 
cattle-hre('ding, and the more they value forest pasture ; in the 
Alps and liighcr mountain-chains of the interior of (iermany, 
eattle-hneding and tlie production of milk and chet'se are 
the chief po})ular industries, and forest pasture far exceeds 
silvicultural limits. 

Excessive sub-division of landed property is also a great 
incentive to forest pasture. Where', the p(K)r iieasaiit liardly 
jxissesses enough land to grow potatoes for his family, and 
can scarcely manage to stack sufficient fodder for the winter 
supply of his cattle, he will pasture them as long as 2 )OBsihle in 
the forest. 


4. Kfl'ccts of Pasture on Forest Manafjrmcnt. 

(a) Advantages of Forest Pasture. 

In only a few cases does forestry gain any advantage from 
pasture. These should not, however, be overlooked; they 
consist in the suppression of dpnse growth of grass and herbage 
in regeneration-areas and plantations, in protection against 
mice, and, to some extent, in keeping the surface-soil free for 
' the germination of seeds. 

There are many sheltered regeneration-areas with moist and 
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rich soil, on which, after only a moderate admission of light 
such a strong growth of grass appears, that the woody planti 
under it must be stifled if the herbage is not carefully removed 
It cannot he tlenied that in the Schwarzwald, the Harx, etc. 
many young plantations and woods owe their existence t< 
cattle-pasture. Nevertheless tliese cases, in which grazing ii 
useful, are very much less numerous than those in which ii 
is prejudicial, and have caused the economic ruin of foresti 
and their conversion in mere brushwood ; this is speciall} 
tiuo, where goats are permitted to graze in the forest. 

h’requeritly, danger from mice follows from a dmse growth 
of grass, especially in felling-areas near fields. Under and 
between the dry procumbent tufts of grass, the mice find 
sheltered winter-quarters, where tliey collect in swarms, 
especially under deep snow, and cause great damage to young 
beech and other plants hy gnawing their hark. When cattle 
tramjde in the grass and lierhage which is full of the runs of 
the mice, and tl»e covers that protected them agaiust enemies 
and the cold, have been removed, damage to fon st l)y mice 
becomes much less formidable. 

It has been observed iu many places, tli at in scantily-stocked 
old woods with consolidated soil, where cattle have pastured, 
natural regeneration is obtained more easily than in others 
closed to grazing, provided the cattle are removed when the 
Heed germinates. This is due to the wounding of the soil, 
causo<l by the tread of the cattle, especially on somewliat 
sloping ground. 

(h) Disadvantages of Forest Pasture. 

The realisation of the above-mentioned advantages from 
forest pasture is always more or less attended with danger to* 
the forest. The damage which cattle effect in a forest ie 
due chieily to improverishing the soU, browsing on tire forest 
plants, and trampling on their roots and on the soil. 

i, Im}merkhmefit of the Soil. . 

Every usage which removes forest produce must conse*!; 
' ^ueutiy reduce the fertility of the soil ; it is incoutestable ih^ 
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'|>a8tur6 removes, in the fodder consuiiied, large quantities of 
nutritive mineral matter from the forest and reduces the 
organic matter necessary for the formation of humus. ’Fho 
damage done is jjowover slight, for the dung of the cattle 
remains in the forest, and many organic ju'odiicis are composed 
chiefly of air; only on shallow calcareous soil, or on gravel, 
can the suporflcial soil he sajd to deteriorate. 

ii. hi/ Urotrsitii/. 

Cattle graze not only on the grass and herbage of the soil 
covering of forests, but also browse on the loaves, buds, and 
young shoots of woody plants. That, by this browsing, 
e8[>eciully if repeated annually for long intcjrvals of time, 
forest growth is seriously damaged and its very existence 
endangered, may be proved by the present condition of Ijun- 
dre<ls of acres of forests, even if the fact is not accM*})t(al as 
self-evident. Imn and where browsing is to be feart'd, and 
the ext(Uit to which woods are thus endang(‘re(l, depciiids bn 
the larger or smaller supply of foddor -plants on iho grazing- 
groinuls, the species of cattle admitted to graze, the suscepti- 
bility of the woody species, the season for grazing, the age 
of the, woods and tlie system of management. 

Supply of Fodder. — It is obvious that when cattle do not find 
suflicient grass or herbage on their grazing-grounds, th(3y will 
attack woody growth. 

The condition of the animals as regards foddor is of 
immense importance Uj the well-being of the forest. Iluiigry 
cattle, of any kind, will attack woody growth much more 
readily than those that are well fed ; if, thercfoi'e, there is 
only scanty horhagi? in a forest, the damage done by either 
horned cattle or sheep may be considerable. It is on this 
^Onnt that the half-starved flocks of sheep driven annually 
|rom Lombardy to the Engadine and the Tyrol are always so 
destructive to the forests. Bo, also, cattle, reared from their 
jouth in forests attack woody growth much more than cattle 
Hiccustomed to meadows and only occasionally driven into the 
forest. Milcli cattle and breeding cattle always require the 
'host fodder, and satisfy their hunger without wandering far ; 
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young cattle thrive on inferior herbage, and it is even 
beneficial to them to be driven far into the forest for their 
fodder. 

Species of Tree.— In general, broadleaved species suffer 
more from cattle than conifers; among tiiem, it is (unless 
they possess acid or bitter sap) chiefly light-demanding species 
that are most attacked, sucli as. ash, aspen, sallow, syca- 
more ; but also hornbeam. Tluise species ai'C attacked when 
isolated among beech, even where; there is j)lenty of herbage. 
It is ciiaracteristic of cattle to prefer locally rare woody 
species to those ot which a wood is composed chiefly. Wliilst 
in districts wheiH; beech predominates, it raredy sutlers 
provided there is pkmty of grass, beech-plants s})j’inging up in 
coniferous woods with scanty herbage are attacked so freely as 
to grow into abnoi'iual shapes, which can be hardly recognised 
as lr(3es. Ouk and alder are less liable to attack than the 
Hp('ci(!S already nuaiiioned, and exee])t tlie alder, IIk; birch is 
the only I‘jurop(‘aii forest tree, whieh is bro\\s(‘d rarely by 
bonie<l cattle. SluH'p sj)are beech more than do horned 
catll(\ but they attack liglit-demamling species fretdy, even the 
birch. The g(»at is impartial in its taste for wood} species. 
Among conifers, silver-fir atid larch are more endangered 
than spruce and pines, whicli latter sutler fnmi browsing. 
The spnua; escapes niorotaisily than tlie softer silver-fir ; the 
larch grows more rapidly out of danger, as the larch forests of 
Wallis and the Engadine show'. 

Season for Pasture.- -Fast un; is most dangerous to woody 
growth nt two periods of the year: in the spring, when the 
youog shoots api>ear and the foliage is tender and most 
nutritive : again, late in autumn, when the grass has l>ecom 0 
hard or scanty. The least damage is therefore done at 
the season whtui the grass is still soft and juicy, and the 
annual upward growth of the woody plants is about finished, 
t.c, from the enu of May till the middle of July. In the higher 
Ali)ine pastures, however, the grass is not fully grown till the 
second half of June. If cattle are brought into the forest only 
when the grass has become tough and there is little after- 
growth, they will browse certainly on woody plants. Cattle 
should not be driven into the forest in the morning before ihe 
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dew has nearly dried from off the grass, or else tliey will attack 
the woody plants ; they will also do so in w<‘t wi^ather. 

System of Management.™ Xo damage is done hy pasture 
in clear-follings tliat are planted only after remaining blank 
for a feA years, as a })roteetion against the pine- weevil^ : 
it may be advisable to eontinue tin*, pasliin^ after the 
planting has been effeeb'd, in order to keep down the 
grass, otber\>ise the area is closed to grazing, and in 
woods managed by the grrmp system. In sidection forc'sts, 
not only is there bir more fodder produce<l, but damage 
by cattle is more widely distributed than in concentrated 
even-aged forest. 


ill. A///ee/c (nj 

Jt is e-videiit Unit young jdants must be damaged when 
trampled hy the hoof^ of heavy cattle ; foals are most hurtful 
in this respi'cl ; shet‘p also, owing to their sharp hoofs and 
short sti ide, in spib* of their comj)aratively light weight, do 
much damage. Ihsides trampling-down young plants and 
shoots and hrnising young superficial roots, calves jump 
about and crusli sa]»lings and judes. The amount of damage 
done, luiwever, is modified by the configuration of the 
ground. 

On level or gently sloping ground the damage done by tlie 
tread of cattle is only slight; on steeper slopes, however, both 
horned cattle and sheep, when grazing in narrow Ktri]>s of forest 
or passing daily in the same direction, make straight, narrow 
paths, on dry slopes where the grass is scanty. The effects of 
tram|)ling are, however, much worse on steep, damp slopes, 
'with a clay subsoil, the cattle at each step slipping and 
making grooves in the surface-soil, and burying every plant in 
their way. In forests with a deep moist coating of humus, 
where cattle come for the first time, it not unfrequently 
happens that whole crojis of trees perish, because the cattle 
expose the sn|)erllcial roots that are in the humus. Spruce 
crojisTiiay thus become affected wholesale with root-rot, owing 
to the wounds the cattle cause to their roots. 


• 5k*e Vul. I\\ of this Mauual. 



Section II. — Giiass-Cuttino. 

Demands for grass are increasing in all forest districts. 

^ Localitien, which produce largo ({uantities of grass, may be 
distinguished as permanent, or temporary, grass areas. To 
the former belong regular forest meadows, which owing to their 
naturally moist condition are adapted for a prolonged supply 
of good grass. Temporary grass areas include all those 
destined for the production of wood, but which, during the 
young stages of woody growth, are adapted for the production 
of glass; boHides these, all blanks in the forest, such as the 
sides of ditches, road-sidings, rides, tire-lines and other 
similar places, may he included here, for unlike permanent 
meadows they are not kept clear from woody plants expressly 
for grass-prod iiction. 

The permanent grass-areas are lands contained in the 
forest area, hut UHe<l for the production of grass : these are 
lands liable to inundations from rivers and brooks, or near 
permanent springs, which afford the necessary suiijdies of 
subsoil moisture ; low'er parts of valk'ys between mountainous 
slopes; Alpine pastures, or similar areas, with rich moist soil 
in mountainous countries. Wherever there are extensive 
areas i)f this nature, and fodder is scarce, every means should 
be emi)loyed that the farmer uses to improve his meadows ; 
often only a small expenditure is necessary to obtain a better 
Cl op of glass, liy removing stones and rocks, draining swamps, 
or planting rows of trees far ai)art. It is not only the direct 
utility to the forest that should he considered by the forest 
manager, but public duty also should impel him to endeavour 
Strenuously to increase the local supply of fodder, esjiecially 
in essentially forest districts, wliere the poor i>easantry are 
Constantly increasing in numbers and lajcoming more and 
more imi>overished. 

For a temporary supply of grass the most important 
places are feUing-areaa and plantations with moist grass- 
producing soil, there, if the grass be cut carefully, this can 
1 1)6 done not only without injury to the forest, but in thC 
;;oase of grass that chokes the plants, with most beneffeial' 
yreaults* Plantations witli plants that are wide apart are 
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Buitable; wliere the soil is poor iintl dry it is hotter to abstain 
, from grass-ciittin{2[. 

On all perman(‘nt forest grass-lands, the grass is mown 
with scythes as in ordinary meadows ; where the presence of 
trees would interfere witli ilie scytlie llie sickle is us(‘d instead. 
Forest revenue is olitained either hy leasing tin; grass for 
» longer or shorter periods, or by selling the croj) in well- 
demarcated lots by public auction. 

The grass among young growth or on felling-areas may be 
either plucked by hand or cut with a sickle, nand-jducking 
is considered a less hurtful method, but it yields little and 
cannot be continued long witliout danger to the liands. 
Cutting grass is nearly everywlnov. elTe.cted with tlu? com- 
mon smootli-blade sickle, and but rarely with the saw- 
toothed »)ne. 

The season for grass-cutting cannot be begun too soon wlien 
platits are being cludvod by the grass. In any case, a cfuu- 
mencement siiould be made not later tlian the blossoming 
period ; and if, as on very ricli soil, it is necessary to rt?peat 
tlie cutting, this should be done during autumn, for th(j snow 
mV pvi'SH the grass do\Mi over the young jdaiits in winter and 
thus endanger them. 

Grass-cutting on felling-areas is thus permissible with good 
supervision. The revenue for it is collected either by the 
issue of cheap grass-permits, giving the liohbir a rigid to cut 
grass on certain designated areas, or by auclion-sales of 
demarcated lots on grassy tracts. 

If the full value of the grass cut in Germany from forests 
could be given, its immense national -economic valiui would be 
thoroughly appreciated ; it would be soeti that a very con- 
siderable numl)er of cattle obtain their summer fodder almost 
entirely from forests, and that often the maintenance of the 
poor man’s cow or goat only thus is rendered possible. From 
the Hardtwald near Miilhaussen in Alsace, for instance, the 
" annual crop of forest-grass is estimated as at least 2,500 kjns. 
In the forest range of Berghausen in Baden, the average 
revenue from grass has been 700f. (6«. an acre). In the dry 
;^Jear 1893, no less than 05,000 terns of grass were obtained m ^ 

regular manner from the Bavarian forests. 
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The advantages the forest gains from grass-cutting are 
similar to those already described under pasture. Plantations 
and natural regeneration-areas are saved from being choked 
by the grass, and from deprivation of liglit and dew ; whilst 
damage by mice is greatly reduced, and, finally, a considerable 
revenue is frecjuently obtained. 

The disadvantages are obvious : cutting down and up- 
rooting yoimg plants, transplanting and breaking them. 



Ktii. :tS7A.— riiKt w.uhU in the Ai\lennes. Ity F. Storey. 
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FIELD-CROPS IN COMBINATION WITH FORESTRY. 

WiiKN lield-crojis Jini ‘^rown on forost land ihoy an; cdasscd 
as minor forohl prodiioo, 1‘iitlior tlio iiold-crop oi- tlio crop of 
wood inav prt'})ondcratt‘ in valiu*, and tin* motluxLs adfipted 
vary in accordance \Nilh tlieir comparative im[>nniince. T!h‘Ho 
different methods will he considered an inti in^ chietly from a 
silvicultural point of view. 

Sk(Tion L— Mkthoos AiH)pTKn. 

1. Lauda ju'rmaueutltf rhand in Forvata. 

Forests contain certain lands that are always free from 
wO(h 1, and conseipientty are classed as silvicullurally non- 
productive. Tluse art*- iieltls «^iven either rent-free, or at a 
low rent, forest-^oiards, or to permanently en^oif^etl wood- 
cutters ; areas cultivated for fotidin^^ tleer or othtir game; 
areas adjoining foresters’ houses in the interior of forests, 
that are cleared to afford sulhcieait light, heat, and air to 
rentier them habitable, and also space for gardens, orchards, or 
field-crops. Strips of treeless land along roads or railways,^ 
and blanks left unstocked with trees for sporting and other 
purposes, may be included. 

As lands thus excluded from the wood-producing forest area 
(except those used for feeding game) rarely are cultivat(‘d by 
the forest'Owner, they should be leased unless they are allotterl 
to officials or woodcutters. The foresters’ orchards contain 
apple, pear, cherry or walnut trees, and therefore often yield 
some timber. 

‘ 2 . FkId-cTopH {fViHi n an IVaadlund withaut (\iri’ for 
Forent (inuvth. 

Formerly in certain localities where the value of wood was 
almost nil, it was often customary to fell and burn the trees, 
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and then cultivate the soil for agncultural crops as long as 
these would grow without manure. Subsequently the land was 
put under pasture. It then gradually became restocked with 
trees by means of coppice-shoots and seeds coming from 
adjoining woods. This pniclice is hecomiiig rare in Europe, 
but has h(H3n praclised extensively in America since its first 
colonization. 

In Europe this harharous manner of destroving forests and 
using th(j iiurned area for field-cro])s, or ])aslure, is followed 
still in Finbuid, Nortliern Sweden, in Poland and certain 
parts of lUl^sia, and hen*, and tluua* in the Alps and Carpathian 
mountains. In other localitkrs a regular utilization of the 
W0(k1 has hi'eii introduced, only ihe unsaleable parts being 
burned, as well as the shrubs and soil-covering. Such a system 
is still in force in ihe Swiss cantons of Luz(3rn and Wallis. 
The wood on tlu'se areas is felled ev(U*y 10 to 20 years, usually 
for making colluloso, the stumps extraci(‘d, and the refuse 
hurn(‘d ; tlnui jK)tato<‘s or corn a, re grown for a few years, 
xvhen the land is abandoned to forest growtli or used for 
pasture. (Jradually, w'oody growth reap}>ears, and after a 
iiumhiu* of years the same treatment is repc^ated. In the 
district of Birkenherge in Lower Bavaria, a similar system, 
now falling into disuse, was followe<l in woods chietiy stocked 
witli birch and spruce trees ; hut in this case, a few standard 
trees were left to give seed, and the land constantly subjected 
to ])asture and removal of litter, after 2 to 3 y(‘ars’ crops of 
potatoes or corn had been harvested. Some districts of the 
Beutherge in the Black P\irest may l)e included, as the cultiva- 
tion of trees is ipiite subordinated to that of field -crops. For 
the lust 50 years, the Baden Government has endeavoured to 
convert this system into oak-coppice, or coniferous forest ; 
8 pi^r cent, is still unconverted. 

[In many hill-districts in India, a similar custom, termed 
jhuming, prevails. As an insUince, the mode adopted in the 
Oaro Hills, south of the Brahmaputra river, will be described. 
The Garo village-communities own land naturally stocked with 
trees, bamboos or grass. In October they fell all the woody 
growth on areas they wish to cultivate, and cut the herbaget^ 
etc., reserving a few large trees, if found on the area, Som,e^; 
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tiiti|S they remove a certain number of poles ami other pieces 
of ^ood, or l>ambno8 for their own use. or for sale iti the plains 
of Sylhet, and the rest of the w'ood is sprt'ad on the ground, 
and burned in March. The stnm]>s are not extracted, hut the 
land is hoed between them, and cotton or rice konml In tlie, 
second ye-jir, a crop of yams, chillies, tapioca, etc., is taken ott 
the land, and then the area is ahamloncil to wootly growtli 
from coi»pice-shoots, siudlings, etc. In about ten years or 
less, according to the total area of land possessed ])y the 
village, the operation is repeate<l. The (luros levy liiu's on a 
village if a lire should s}»read from its lands to thosi* of another 
village. The rcHer\(‘d Iret's are lopp(*d ol mosi of their 
branches, so as not to overshade the crops, and tem}»>rary 
bamboo huts are built in the forked boughs of these trees, 
where the cullivalorH can sleep without fear r»f elephants and 
other wild beasts.- - Tr. ] 

8 . aUi Vuntinn u ilh lh< Ctiltiraiiou of 'i'nwH. 

Wherever care is taken to protect the woody growth after 
the held crop has hta-n harvest(Ml, th(‘ lutt<'r may he considered 
as suhordinale in importanc(5 to the former. Here, usually 
after a el<Mir felling, unless the trees have been up-rooted, the 
stumps are extracted, the refusti burned, and the soil cultivated 
for a crop of corn. If the soil-covering consists of shrubs, 
grass, etc., it is hoed up sometimes in sods and burned in 
loosely piled heaps with the wood-refus(!. The heaps are 
burned to ashes so as to leave as little charred wood as 
possible. The ashes and the burned earth from the sods are 
then strewn over the area. Tliis system is ternuid in German, 
Sc/n/iorca, or Sehmiulen. If the area is hoed rouglily, and all 
the herbage and refuse wood spread over it so that tlie fire 
passes over the whole area, the system is termed Sen(fm, 
This is usual when there is not much herbage on the soil, the 
soil-covering consisting chiefly of coniferous needles ; the tire 
is applied against the wind, or downhill on slopes, otherwise it 
would be kept under control with difficulty. 

In the system called Schmoren, the refuse is more thoroughly 
%ai:ned to ashes than in the latter system, which produces 
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more charred wood. The beneficial effects of burning the soil 
are, however, more marked in Scn^int, 

The field-crops last usmilly for two years. Generally, cereal 
crops are cultivated, buckwheat, rye, oats, or potatoes, a thiid 
crop being sometimes obtained. The ground cannot be 
cleared always early enough for spring Bo\Ying, it then lies 
fallow till the autumn, when it is sown for the next year’s 
crop. As soon as the cultivation of field-crops ceases, the area 
is rest^cl^ed with trees either by sowing or planting, and 
occasionally the sited of the. trees is sown with the last cereal 
seed. 

There are. several varieties of this mode of treating forest 
land. Thus, in many ])in<‘, districts, tlu*. felling-areas with 
reserved standard trees standing on them are leased in lots 
for one year's cereal cultiv'alion, in order tlial the soil may be 
tborougiily loosened for natural regeneration of tlie pine. 'I’lie 
soil mu^l not then U^. too matted with weeds or roots if the cost 
of cultivation is to he covered hy only one yi'av's crop. In Upper 
Bavaria, spruce plants with hallsof (Mirth round 'heir roots are 
plaub'd in land, which has luaui cro])ped with r)ais. The land 
is cleared, cultivated, and oats sown in the spring. In the 
second year a crop of potatoes is reared ; in the third year 
another crop of oats mixed with spriu^e seed. From the fourth 
to the sixth year the spruce seedlings are, utilise i as trans- 
plants with halls of earth, and planted in lines on the area and 
on other neighbouring cleared strips. 


4, SiinultUHCous CidtinitioH ot lutfust mid I* icld-i raps. 

In the above-mentioned systems the felling-area is abandoned 
to agriculture for several years, and the cultivation of a forest- 
crop commences only after the last hcld-crop has been 
harvested. The wood-increment is therefore lost during the 
years occupied by the fivld-crops. There are, however, other 
methods in which there is no interruption in the producfeioh 
of wood, and the field-crop is merely intended to assist tlie 
latter. The two most important varieties of this method are 
termed in German, Hackivald and WahlfAdhau^lUtriel. 

(a) Hackwald.— This is a combination of field-crops and 
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Coj)pice, nearly always of oak ; it lias been praciiseil for 
centuries in the (MenwaUl, in Hiej'en, Westphalia, HiUleslieim 
and several other localities, and is followed nu)st t‘xtensively 
in the district of Jleerfelden and Ifirschhorn in tin*- NecKar- 
valley. As soon as the oak-eoppice coinpfirtiuents have been 
felled anti peeled, the l)ark rtonovtul, and the ftdlin^-area 
cleared (usually about the end of May), the. felling-area, on 
which the oak-stools are somewhat far apart, is eultivated by 
hoeing and burning, as in the methods previously described. 
At present, iu the Odenwald ami in Siegen, the cultivation is 
only for a single crop, and the area is sown with wunhir-corn 
(in Octolier or November). 

In the Odenwald an acre of the Ix'st IlavhtniJtl yitflds alxait 
BJ bushels of corn. The felling-areas are leasetl in Hiimll lots 
for cultivation, either after the hdling ami clearance of the 
wood and hark, or together with the wood and hark. In 
Hirschhorn and JJoerh'lden the forest-owners lirst anciion-olT 
the hark to tanners at so much a cwL., and at th(> same time, 
the riglit of (‘ullivatioii in small lots to tlui peasantry; the 
latter also buy the slanding-crop, hark and wood, ami the 
right of cnltivaling as well, under agreement to sell tlie bark 
at a stated pric(^ to the tanners. In Siegen an acre yields on 
the average Id bushels of corn, d'he right of cultivation 
on the annually kdled areas is exercised by an association 
of peasants. As the J far!, n aid produces usually f)nly hark of 
an inferior <|uality, it is now so unproductive, liiiaucially, that 
other forms of management must be ado{>i<;d. 

(b) Waldfeldbau. - lyuld/vldhau is a similar method to that 
of Hadwald, hut is applied to high fore.st instead of coppice. 
The method ado])t<?d by Forai mrinter Keiss of IloBse-Darmstadt 
has lieeu followed in diiTerent German countries, and the 
following account of the experience gained in the w'ell-kuown 
forest-range of Yiernheim will suffice to explain it. The 
Ipiling and clearance of the felling-area is expedited so tliafc 
the land may bo cultivated early in the spring. All the wood 
ia uprooted except a few standards (oaks or Scots pines). 
The whole cleared felling-area is cultivated to a depth of from 
1 foot, to 16 inches, and the soil, thoroughly worked, i.s restocked 
by sowing, or )jy planting in lines IJ meters (say 5 feet) apart. 



Oaks or conifers are used for this purpose, according to; 
locality. For oaks, acorns are sown 3 meters (10 feet) apart J 
at the same time, Scots pine nurses are planted or sown in 
rows to protect tlie oaks, and are removed eventually in 
thinnings. The rotation is fixed at 100 years. In the inter- 
vals (4 feet broad) between the plants, field-crops are grown 
on the better soils for 4 years, and on poorer soils, for 2 
years. 

In the first yoar it is usual to grow a crop of potatoes, in 
the second year, winter -corn ; if the field-crops are con- 
tinued, during the third and fourth years the same order is 
followed. Wium the potatoes arc dug the spaces between the 
forest ])lants are hoed, weeded, and the plants buided almost 
as carefully as if they were in a forest-nursery. If in the first 
year th(u*e should not be enough plants or se«‘d to stock the 
ground, the wdiole area is cultivated for a potato-crop, and, as 
an exception, the restocking undertaken only in the autumn. 

In Hesse about 10,000 acres of fori*8t land have been thus 
treated. In Wuruuuberg also, this system has been adopted 
extensively, esp(!cially on a rich soil near Bibrach. The 
method has been trit‘d also in the Trussian provinces of 
Pomerania, Sik'sia, Hesse-Nassau, and in Alsace-Lorraine ; in 
some Bohemian districts; in Hungary, where also crops of 
maize are reared. At present, however, the agricultural 
aspect of this system has lost in interest greatly for w^ell- 
known reasons. 

Pollards of w'illows, ash, poplars, etc., grown in lines on wet 
land, also imply a steady annual production of grass between 
the rows of trees. 

Osier-beds are truly silvicultural means of producing 
material for basket-making. They are, however, but rarely 
managed by foresters and are regarded as a branch of 
agriculture ; therefore a short account of them may be given 
here. 

Osier-beds are an exceedingly remunerative form of 
Danckelmann says that good osier-beds may yield a net annual 
profit of 1*7 to 1*8 per acre. To succeed, however, a moderately 
w^arm climate is necessary, a good moist, but not wet, d©^ 
; soil, deep trenching and clean weeding, as in a garden. The! 


cultuHi 
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IxkSfc osier-willowB are Salix viminalis, purpurea^ amtigdalittaf 
iiihra {viminalis X pinymra), Ma var, ritrUiaa, pndnom, etc. 
Planted in the ground as shoots, 8 to 10 inches long [or full- 
length shoots of 6 to 8 feet, as in England.™ Tr.], they grow 
in one or two years copince-shoots to iengtha of 0 to 10 feet. 
Full details regarding the culture of osiers are given byKrahe^ 
Kern,*Gdsc}ike, Piccioli, and others. 

von*Korn lias described the use made of twelve Hpecic^s of 
willows : the wood, — for basket-work, fascines, fences, vine- 
props, hurdles, charcoal and fuel ; the bark, — for tanning, pro- 
duction of Hulicin, dyes, tying, carpets, litter and woven shoes; 
the wool from their seeds for wads and stufling ; their leaves 
and twigs for sheep and goat fodder; tlicir flowers for agri- 
culture and for decorative purposes ; their roots for fixing soil; 
protecting banks, etc. 

Section 11 .- National-economic imi-outance of Field-Gkocs 

CoMiJlNEO WITH FoHESTUY. 

The national-economic advantages of combining field-crops 
and forestry consist in tlus increased production of food, the 
fact that this can be secured without any manure, and last 
but not least, because the increased supply of straw really 
increases tlu^ amount of manure available for agriculture. 
These advantages, however, are diininislicd considerably by 
the dilHculties of working the soil (weeds, shrubs, stools, roots, 
sloping ground, distance from villages) ; this form of cultiva- 
tion is commonest in warm countries, on loose soil, in land 
either slightly undulating or fiat, in densely populated districts, 
with insufficient agricultural land. 

The advantages to forests from field-crops are : the conse* 
quent increase in the forest revenue, and the reduced cost oj 
reproduction, for the ground is tlius cultivated ; the growth 
^so of the forest plants is stimulated when the crop is young, 
and the young crop is sheltered. 

The increased forest revenue by field -crops is usually onl} 

* von Kern “Die Weickni, ihic Heileutunff, Emehuntr,*’ Benutxung. Tula, 
ii896 (Russian). also M<niillefert,. “Traite de Sylviculture,” Felix Alcan 
I*ari8, imif where tljerc is an excellent ;iccoant of osieidK-ds. 


8c2 
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sliglit, for tbe expenses are considerable; only where the 
peasant pays for the cultivation of the ground, the demands 
on the forest cash -box for simultaneous or subsequent stocking 
with forest i)lants are reduced considerably. Every day 
experience ])roves that by agricultural cultivation, sowing and 
idanting of forest plants is facilitated, and that, owing to the 
working of the soil, the young plants grow quickly. The 
protection alTorded by the corn to young sowings of spruce, 
against lifting by frost, drought and enemies of all kinds is 
specially benelicial. 

The. principal danger caused by field-crops to the forest is 
the. conse(]uent reduction in fertility of the soil. The crops 
take from tlu^ soil thosi*. very substances, which are generally 
\leticient (potash, nitrates and phosphates), and tliese materials 
are required just as much by woody jdants as by those grown 
by the fannta*, the bitter requiring them mendy in larger 
quantities than the former. The agricultural ]dants, however, 
grow only in the surface soil, which owing to tlie decom- 
position of the weeds forming the soil-covering and of the humus 
from dead leaves, (dc., and to the cuUivation it has received, is 
more or less richly supplied witli a.ssimilable nutritivi? salts. 

d'he iield-cvop robs the surface-soil undoubtedly of a con- 
siderabU'. amount of nutritive matter, and the more so the longer 
the land is under crops; the forest plants can satisfy their 
wants Uiss fully in the. soil, the poorer tlie latter, and the more 
exacting the s]H*cies (»f tree grown, and the less ^irovision has 
lu^eu made for its roots to penetrate deeply in the soil. But 
when coi>pice is grown associated with held -crops iUacLtrald)^ 
the greater or less reduction in fertility of the soil occurs every 
15 to '20 years only ; or when high forest is so grown {HoeJer- 
irufd and only eviuy 80 lo 100 years: if then, 

the soil-covering is carefully protected on areas so treated, no 
litUu- removed and tlie soil by nature sutlieicutly rich and moist, 
the results of the deprivation of nutiiment will be felt very 
little. In the ease, however, of poor soil exhausted by the 
heldcrops, bad consequences will result for the forest growth; 
if this is not visible at mce during its youth the wood must 
undoubtedly suffer in its subsequent development. 

Whenever temporary field-crops are to be grown on i 
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sufficiently rich soil with the least possible damaj^e to the forest 
crop, care must be taken that the young wooily plants are 
rooted in a lower stratum of the soil than that in which the 
field-crop is gi'QWn. This is secured by cultivating the soil 
deeply, and !ffipfcking it with woody plants with deep rather 
than superficial roots, and with transplants ratluu’ than hy seed. 

From the above considerations it follows that, from a silvi- 
cultural point of view, field-crops may he grown profitably in 
combination with forestry only on well-cultivated soil rich 
in nutritious salts, and then it is the cheapest and most 
certain method oi restocking a felling-area. On poor soil this 
system is quile unjustifiable, as has been proved in innnoroiis 
cases. 

Of all the methods which have boon tried, tlie WuUlfeltlhmi 
is the best, because it implies a thorougli working of tlie soil, 
no loss of wo()d-inci‘enient, and clear-felled areas ai*e at once 
restocked. But even on superior soils, field-crops should not be 
maintained for more than two years. 

[Frcquenlly in France and Belgium, cleared areas, on which 
conifers grew, ar(‘ cultivaU'd for one year with a field-crop, 
after burning {Hurfaijc) the soil-covering and refuse from the 
felling: this reduces danger of damage hy insiuits to the 
succeeding crop of conifers. 

In Burma, bamboos and other inferior speci(*s prt^vent the 
growth of leak, advantage is therefore taken oi jJnniu’ cultiva- 
tion, whicli is termed locally taungya, to g(^t the anui sown 
with teak-seed, the teak plants growing into forest after the 
cultivation of field-crops has been abandoned. — Tr.] 
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CHAPTEH III. 

FOEEST-LITTER. 

ShxiTioN I. — Gknkiial Account. 

In forestH, the mineral soil is not exposed, but it is everywhere 
coated with a vegetable soil-covering, which is partly dead and 
partly composed of living plants. Tlie nature of the soil- 
covering varies according to the shade it receives. In a dense 
beech forest the soil-covering consists of dead leaves, husks of 
fruit, fallen flowers, etc., which the trees shed periodically and 
with which dead fallen branches and twigs are minghid. In a 
dense old spruce or silver-fir forest, the soil-covering consists 
of living and dead mosses, among which atxj the dead fallen 
needles, cones, scalesof bark, etc. Under light-demanding trees, 
the soil is exposed to the intluence of light, and, h(‘sides the 
fallen dchri^i from the trees, it also exlnhits a number of 
weeds of various species. 

Whenever the soil-covering of a forest, consisting of dead 
leaves or iiotHllcs and moss, is left to the natural process of 
decomposition, its lowest layers lose completely their organic 
character, only their mineral comiKmeiits being left. More 
and more organic matku- thus occurs in its up})er layers, till the 
surface consists of dead leaves or living moss. Its lower and 
partly decomposed layer is termed humus and its upper decom-, 
posing and living layers, ground-litter {IhHh'nstrcu), While 
therefore in humus all vegetable structure has disappeared, in 
ground-litter this structure is quite recognisable. 

; Humus cannot ho used in stalls for litter, but it has 
/ value as manure and is appreciated by the farmer as an 
V adjunct to Uth^r. It is generally the undecomposed layera oil' 
the soil-covering only, that are used as litter in agrioikirl 
ture. Hence a distinction is made, between the follp^ji 
, kinds of ground-litter; 
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(a) Dry fallen leaves or needles, whi(^h arc shed by the 
iarees forming the standing-crop of the forest ; and to some 
extent, by shrubs in the underwood. 

(b) Moss and grass, partly living and partly dead. 

(c) Forest weeds, such as broom, bilberry-plants (and other 
tepeeies of Vaccininm), heather, ferns, reeds, rushes, etc. 

Branch-Utter, young needle-bearing twigs of conifers, have 
been described already (p. 694). 


Section, IL—Imi’ortanck of Foiikst-Littku vm Wooi>- 
PaoDurnoN.'*' 

It is not the business of “Forcist Utilization ’ to deal 
thoroughly with the question of the importance! of litter for 
8oil-fonmition, climate, i)roduclivity, for forest trees indivulu- 
ally, or for the whole forest, any nnae than in (lealing with 
the utilization of wood, the effects of soil and climah! and the 
methods of starting and tending trees, are discussed. Here 
only the most essential ixunts will he explained. The works 
noted lielow may he consulted for further details. 

1 . Ikneudnl Ef'ctn of I Aticr and Ilnmm on the (iroicth 
of TrecH, 


(a) Preservation of Moisture in the Soil. 

The humus which covers the mineral subsoil and is only 
to a slight extent mixed with it, and the coating of litter above 
the humus, are the most effectual means of securing and 
maintaining in the soil the requisite amount of moisture. 
The action of humus and litter is in this respect threefold, /aj. : 
The mechanical impediment it affords on hIo})cs to rapid 
drainage of surface-water from atmospheric precipitations, and 
the time thus allowed for the water to sink into the soil- 
covering and the soil ; the sponge-like action possessed by dead 


• Ebcrnmvt*r, *‘l>ic gmminte U*Ure der WaldHtreu,” Berlin, Wollay, 

' tmaslateU inU> French by E. Henry, “ La d^wm^rmitiondcs loaticrojorgaiuque 

Iw formes d^huni 08 ,’‘ Palis, Berger Levrauit, m2, Ramann, iorKtlidij 
-B«.SUvndortalehreU1893. M.nllcr,‘ Dienaturl.chen Humunformcn. 
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leaves and moss, of absorbing and retaining water, and the 
conseqnent redxxced evaporation of water from tlie soil. 

The more sloping the ground, the greater is the value of the 
litter in preventing torrents and floods; on slopes in the shallow 
soil, over roek, sand or gravel, it is ahsolutely necessary to 
maintain the litter, in order to protect the fertile soil below it 
from erosion. 

The amount of water vhich is retained by the absorptive 
action of the soil-covering is considerable ; dry coniferous 
needles can absorb 4 to 5 times their weight in water, 
dry beech leaves 7 times, and mosses (> to 10 times this 
amount, without allowing it to dribble away. This absor])tive 
power of the soil-covering is increased further by that of 
Inimus for water- vai>our, which, becoming condensed in the 
cool soil, increases the supidy of moisture. 

Once the soil-covering is saturated thoroughly with water 
from atmospheric i)recipitation, it passes on the superfluous 
wat(‘r to the subjacent soil, in the numerous interstices 
of which it is distributed, and thus reaches tlaj roots of the 
trees. Slight showers, which are so necessary for natural 
rogoneraiion uiub'r a sludter-wood, and during the dry 
season are fully absorbed by the litter, do not roach the 
plants’ roots. In this resjHjct, the litter is the more hurtful, 
the thicker it is. lint if the rain is snflicieaitly heavy, the 
litter prevents to(N rapid evaporation of the water in the soil. 

K, llamaim i 181)5) found, that the soil in dense crops of 
trees, with plenty of litter, is less moist than the soil of 
agricultural land ; when the leaves come out in ^J>riI)g, their 
transformtxtion causes a considerable loss of water from the 
deeptT layers of the soil : shaded glades in a wood are much 
moistor than the soil of an old crop of trees. Hoppe t lflOO) 
also showed tliat the soil in dense crops of trees with litter 
was less moist I'nan in clearings. Eht^rinayor* has proved 
experimentally that the soil-covering of leaves and needles 
evaporate^ water *2^ times less than does a forest soil without 
litter. There is a diflereuce in this respect between leaf- 
litter and moss- litter. W (»llny showed that the soil-covering 


' Dir rh^KitiiiiM'hon F.inwcrk ungen dt* WaUlrsnuf Left u. 
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of beech leaves is the best defence against evaporation, and 
much more so than tlie rapidly ovaponit ing covering of moss 
in coniferous forests, which dries up in suimncr. Fricke 
evaporated the following percentages of tlui precipiiaU'd 
water : 

Old crops where litter was removed (1). iO pt'r cent. 

„ „ not „ (‘2). ;15 „ „ 

Poles 1 and 2 47 and 10 „ 

Clear-fellings 1 and 2 . . . . 102 and 67 ,, 

[Ototzky in Russia ilHOo), Tolsky in Russia (lOOl 2), 
E, Henry in France (ItHH) 2), and R. S. Ikiarson in India 
(1004-5) have made a series of observations which show : 
that in all cas(‘s the level of subsoil water in foi’esi is lower 
than outsid(i the troe influence ; that the level is steadier inside 
than outside ibn^st ; that old woods low(‘r the level inon! than 
young and that in a low rainfall area, the difTere.nce in 

the levels is greater than where the rainfall is nioni abundant. 
-Tr.J* 

(h) Influonco on Porosity of tho Soil. 

The activity of a soil depends also on its porosity, \vhi(!}i 
affords interstices in it for the circulation of air and reiiewed 
supplies of oxygen. Litter and humus keep tlie soil loose 
and prevent its being caked by the rain. Himms becomes 
mixed with the mineral soil to various depths Ity the infiltra- 
tion of water, and by tlie activity of earthworms, mice, 
moles, etc. 

Wherever masses of imperfectly decomposed humus accu- 
mulate, not only water, hut also the necessary mixture of 
organic matter, with tlie mineral soil, are absent; so also are 
earthworms and other animals and bacteria, the share of 
which in rendering a soil nutritive and porous is considerable. 

(c) Maintenance of an Even Temperature in tho Soil. 

If it is correct toaftirm,t}iat, during the full activity of the roots 
of trees, a temperature of 68^ to 72" F. is necessary, tlie soil* 

, ‘‘ Iiidian Forester, ' February, 1907, where lefercin-eK are g^iveii. 
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idvering of dead leaves, 'which reduces the temperature during 
ihat season must be injurious, and there would be no growth 
at all in the spruce, silver-fir and beech forests of the Bavarian 
plateau. 

Mayr’s observations prove, that during the months May-^ 
August, the following temperatures prevail in July: — 
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Ilouce it follows : — ihat the Hoil-covcu’ing of litter, hy itself, 
and when united to the cover of the trees, cools the soil 
considerably; that quite low teni]H!ratiires suibce for the 
activity of the roots of trees, so ihat the cooling of the soil 
during the season of growth is not prejudicial : the con- 
sequent elevation of the teinperaturo of the soil in winter, is 
indifferent to the plaiits, but involves a continuous cdiemical 
decomposition of the litter, whenever this temperature is 
above freezing point. 

In soils containing humus, according to Frank, fungi whicl 
form a myrorhiza on the roots of most forest trees, are alwayt 
presetit, they are absent in soil deprived of humus [oi 
artificially sterilised by burning.— Tr.] and a long time pasaei 
before mycorhizae are pi'odueed. Owing to this aymhivsis o 
plants and fungi, the former not only derive nutritive mattei 
through the humus, hut are enabled to obtain nitti& 
genouB substance indirectly froui the atmosphere. 


, (d) Fertility of the Soil. 

Humus improves the productivity of soils, chiefly by it 
physical po-wer of absorption, aiid also by its own deoomp^ 
1 sltion and conversion into nutritive material. Water an 
: , ^ater-vapour are absorbed by humus, as well as th^ 
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important mineral and nitrogenous substances (potash, phos* 
phorie acid, ammonia, etc.), which combine with various 
compounds formed in solution hy humus, and are retained by 
it, ready for absorption by the roots of trees. 

The residual products of the decomposition of humus, are 
ash constituents, carbon-dioxide and water ; they are either 
quite pure, or in the form of salts that are the food and 
manure of the forest. By the ash-constituents, set free hy 
the decomposition of lnnuus, most of the nutritive matter that 
the production of wood has taken from the soil, is returned to 
t in the most assimilable condition. 

From the successful use of manure in agriculinre, we can 
see how greatly the growth of plants de[ieiul8 on these ash- 
jonstituentSjUlso prove the good results obtained hy manuring 
)ur nursery lines and seod-hcds, and the ditlerenco hi'tweeii 
the production of wood on soils that are rich, or poor, in 
nutritive mineral matter. 

Nowadays foresters are more and inore favourable to the 
use of artificial manures for forest plantations, us well as for 
forest nurseries (Jentsch, Schwappacli, Giershe-rg, Mathes, 
Baumann, Fricke and others) ; so also the sowing of legumi- 
nous plants, as accumulators of nitrogen, has been found 
beneficial to impoverished soil. 


Section III — Mode of Decomposition ok Foukst Litteh. 

It is well known that the decomposition of organic suh- 
jtances is effected only by bacteria and fungi/ the 8{>ecies of 
which are affected, relatively and absolutely, by the reaction of 
the soil (acid, neutral or alkaline); probably the acid products 
of humus are due to low organisms. If the layers of litter 
become dry, the process of decomposition is interrupted and 
unfavourable kinds of humus are formed. 

The comparative rate of the decomposition of forest-litter 
and humus is influenced chiefly by the kind of soil-covering, 
apil, locality, climate, nature of standing-crop, etc. 

• Bftnmnn, liernclc', Heht'llhoni and Kmuse, ^'Anzahl «. Iledetitung tier 
ttiederea Organismeu in Waul u. Mwrbtxlcn. JSeitsclirift f. K. u. .Jagtlwcsen,” 
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(a) Kind of Soil-Covering.—Soft and only slightly lignified 
parts of plants decompose most rapidly. Thus, of broadleaved 
trees, the dead leaves of the hornbeam, ash and lime decom- 
pose more rapidly than those of oak, beech and birch. Of 
conifers, larch needles are decomposed soonest, then Scots pine 
needles, those of silver-fir, and most slowly, those of spruce. 
It is generally true, that dry leaves of broadleaved trees 
decompose more rapidly than coniferous needles. Mosses 
are known to deeomi)Ose V(n*v slowly : hut their decomposition 
once commenced, they pass (pii(dvly ihro\jgh the condition of 
humus to that of c()m})leie dissolution. On this account, the 
living layer of moss r(‘.sts on the ground with hardly any 
noticeable intermediate layer and may be removed from it 
like a cari>et. 

(b) Soil. - The most important factors in tbe soil, which 
expedite decomposition of tln^ soil-covering, are, its capacity for 
heat, its degrees of porosity and tbe amount of njoislin'(; it con- 
tains. J>ecomposition is general ly slowest on clay or loam, 
(]ui(;kest on calcareous soil and sand. It is especially rapid on 
moist calcareous soil in Soulli (lermany ; after t\NO years most 
of the litter is decomposed, tbe humus decomposing still 
more quickly. 

(c) Locality. — It is well known that decom]>osition proceeds 
more slowly on north and east than on south and west aspects ; 
northerly slopes are damp and cool, and in folds of tlie hills near 
the valleys the rate of decomposition is extremely sb>w ; in such 
places the greatest amount of partly decomposed humus and 
litter accumulates, 

(d) Climate.— Southern countries prove conclusively that 
heat combined with moisture is most etTective in expediting 
decomposition ; in South Germany, and still more in Hungary, 
etc., decomposition proceinls much more vapidly than in North 
Gennany and the countries bordering on the Baltic. Whilst 
in the latter case 3 or 4 years are often required to complete 
the process of decomposition, one or at most two years suflice 
for the former, [in an Indian forest, except in mountainous 
districts, it is rare to find any noticeable layer of humus in 
forests. — Tr.] The contrasting climates of the lowlands and 
higji mounhuu-regions of Europe have opposite effects on 
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decomposition ; the high relativo-huniidity of the air and low 
mean temperature in mountain tracts caust' deep layers of raw 
humus to accumulate in forests/ 

(e) Density of Standing Crop of Trees.— Neither a dense 
crop of trees, nor an open, light crop, such as that of light- 
demanding trees, wlien they become old, and u(^eds cover 
the ground, afford the most favourable conditions for the 
decomposition of litter and its admixture with Mkj mineral soil, 
as ordinary neutral mould; in holh cases, the humus accumu- 
lates ill an in(*oni])let('iy d(a*onipose<l, sour condition, as peat. 
Teat hinders the ahsnrjiiion of water by tlui roots of ilu* trees 
and previ'iits the ueiation of the soil, it intenu])ts the normal 
loosening of tlic soil, and by the iiililtration of solutions of 
humus under its superficial layers causes the formation of a 
hard pan. Tlie imjiortani influence of the various systems 
of management result from the above eonsulorations. Clear- 
cutting yields the densest even-age<l crops; selecfioii forests, 
resemibling virgin forest most closely, affords the most favour- 
able ccuidilion.s. It is (ivideiii that in the tending of a. wood, by 
thinnings, setting the older tna'S fre(‘, uiidcri)lanting light- 
demaiulers, etc., the fon;4er lias ilie best means for rc'giilating 
and iiiaintaining the normal dijcomposition of the soil-covering 
of litter. 

If litter and humus are to produce the most advantageous 
effects on forest-growth, the litter must be decomposed chiefly 
by bacteria and fungi, this decomposition must be moderately 
fast and uninterrupted. 

Although it is difficult to decide absolutely tlie proper period 
for the decomposition of humus, it may be said, that for 
ordinary forest localities, this is most beneficial, wlien broad- 
leaved litter is converted into humus within three years, and 
coniferous litter in three or four years, while the layer of 
hunius below is only a few centimeters thick. 

The hurtful elfects of breaking up the soil and mixing litter 
and humus on poor soil, by pigs, a comparison of the humus 
in such areas, with others in which pannage is not allowed, 
will demonstrate clearly. 

* Earaarin, ‘*Die kliiuatlHchtiii IkKk'nzoHeu UiKlcnkunrU*, 11)01, 

8t, Petersburg. 
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From the above considerations it is evident^ that foredt 
is one of the most important factors in the productivity ofj; 
the soil. As in forestry, where practised on a large scale^ . 
it is impossible to substitute manure for litter ; normally 
decomposed litter by its physical and chemical properties 
and its effects on the soil, is indispensable. 

Section IV. — Amount of Forest-Litter produced. 

Owing to the importance of moss and weeds as well as dead ' 
leaves and needles in the supply of litter for farmyards, the 
dilTerent nature of these kinds of litter and the various ways in 
which they affect wood-production, it is necessary to consider the 
question separately for each kind of forest litter. 

1. Dead Leaves and Needles. 

Experience shows that the annual amount of litter produced 
from dead leaves and needles in a forest varies with the species 
of tree, locality, weather, density of crop and age of trees. 

(a) Species of Tree. — Three factors have great influence on 
the amount of litter produced by Phiropean forest trees ; namely, 
the density of the foliage, its duration on the trees and the 
suitability of the species to form a more or less dense leaf- 
canopy. Considering all these factors, not for individual trees 
but for a crop of trees, and deducting the amount of moss pro- 
duced in coniferous forests, the species may be arranged, as 
follows, in descending order of their comparative production of 
dead leaves or needles : — 

Beech ; 

Sycamore and other ma[)les, lime, sweet-chestnut, hazel ; 

. Hornl>eam, alder, black pine ; 

Elms, oaks, black poplar ; 

Scots pine, larch ; 

Spruce, silver-fir ; 

Ash ; 

Birch, aspen. 

The density of foliage of a s^iecies depends on the natux^ mi 
4he locality and its mode of growth. Silver-fir, spruce 
beech liave the densest foliage ; that of hornbeam, 



Iiwli, elm, lime, Weymouth pine, sweet-chestnut, alder and hazel 
is also dense though comparatively lighter than the above; 
oaks, poplar, birch, pines and larch close the list. 

The duration of the leaves on the trees is longt^st for 
evergreen conifers, silver-tir, spruce and pines. In the case 
of the black, Weymouth and Scots pines, the needles rmnain 
from two to four years ; in the spruce and silver-lir, four to 
six years and even longer for the latter. lienee it follows that 
pines shed about one-third of their foliage annually, the spruce 
and silver-fir only the fifth or sixth part. These species, there- 
fore, are much worse producers of litter than follows from the 
density of their foliage. 

Silver-fir, spruce and beech possess in the highest degree the 
property of growing in densely stocked woods, next come the 
hornbeam and hazel — sonic way further down in the list— alder 
and sycamore. In the case of ash, ehiis, oaks, swect-chestnufc, 
bii'ch, aspen, Scots pine and larch, the woods open out nuich 
earlier. As compared with woods of light-demanding trees, 
those of mixed light-denianders and shade-bearers produce 
more litter, wliilsi woods of spruce, silver-lir and beech produce 
litter most abundantly. 

(b) Locality.— The nature of the locality in which it is grown 
has the greatest possible influence on the wellbeing of a species 
of tree. The more a locality suits a tree, the greater, other 
conditions being equal, will be the production of litter. As a 
rule, a moist atmosphere, provided there is sufficient heat 
available for the species in question and a rich soil, increases 
the density of the foliage. 

R. Weber's* note on beech leaf-production should also be 
noted, viz., that it falls off in quantity with the altitude. 

(c) Weather. — Any casual observer must have noticed that 
according to the changes of weather in different years, the 
forest presents different appearances, being in certain years 

i freftW, greener and possessing denser foliage than at other: 
^james. Spring weather, when the foliage is produced, is most 
decisive in this respect. Years with severe late frost and dry 
iKeaaons produce less foliage than moist years free from frost* 


• Ebertimycr, “ Die WaliUttrcu,” p. 37. 
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According to Krutzsch, there may be a difference of 60 per ceftL 
in the amount of foliage produced by Scots pine and beech 
in wet and dry years. Severe storms din ing the season when 
leaves are produced are very prejudicial to the supply of foliage. 

(d) Density of Growth and System of Management. — The 
densest woods do not produce most litter, nor do open woods 
whore each tree is ex])osed completely to the influence of light, 
the number of individual trees being then too few. The most 
litter is produced annually when there are as many stems as 
possiblit in a wood, with the proviso that each stem has ample 
room for its growth — a density which results from well- 
executed thinnings. 

Even-aged woods exorcise a similar influence to that of the 
density of woods on the annual supply of litter. When all trees 
in a wood are of the same height and their crowns form a dense 
leaf-canopy at a uniform level above the ground, the influence 
of light is far less than when the heights of the trees vary, when 
lateral light is admitted between the groups of the taller trees 
and their crowns cousecpiently grow lower down their stems, 
as in the group and selection systems. 

(e) Age of Trees. — The greatest production of dead leaves 
and needles is during the pole stage, and falls otT only slightly 
in the older stages of high forest, provided the leaf-canopy is 
fairly complete. 

The following results give the average yield of litter as deter- 
mined by observation* made in the bavarian State forests. 

One acre of dense forest of the ages given in the subjoined 
statement produces annually so many tons of air-dried litter : — 


Age of Woixl. 


hJ>fUCf 

piuc. 

Years. 

Tims. 

Tons 

Tons, 

Under 3U 

— 

2-50 

— 

25 to 50 

— 

— 

1 '56 

HO 0l> 

1G7 

1-58 

■* — 

50 „ 75 

— i 

— 

14 

GO „ SO 

l'G4 

1 H5 

— 

75 „ UK) 

— 

— 

U69 

Over IK) 

1G2 

IHl 

— 

Average 

1G4 

1 

1-48 


* Eboma;^?, “ Pie geaainnate Lebre Uer WaUWtreu/' Perlin, 
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it is evident that, when the litter fallowed to accumulate in 
a forest for several years, the supply is greater than that pro- 
duced annually. At the same time the aceiumilation is 
limited, as the lower layers are constantly decomposing and 
only the upper layers are available for litter. In this lawpect 
investigation has led to the adoption of the following average 
figures per acre: — 



t 

j Ritiufw. 

1 

1 Set it H pine 


1 Tons, 

! Tonn. 

a iM» 

1 

i U -'ift 

a :c.t 

117 

; :V7«> 

! r.-,*. 1 

1 i!» 

i 7:u 

IHll 

1 mi 

:,-ir. 


A cubic meter tilo'S cubic feet) of air-dried litter (15 to ‘20 
per cent, water) well compressed is of the following weight : 


Bt'ocli 
Spruce . 
Scots pine 
Moss- litter 



M)-. }>or 

Kilo- 

toot 

Hl-5 

5 

IGB-l 

10-5 

117-a 

7-a 

1010 

Of) 


Hence the yield of litter may he calculated in stm^ked ciihio 
meters or in ^vaggnn-loads per acre (as in the follow ing state- 
ment) as vMiggons drawn by two horses usually carry 5 stacked 
cubic meters (^170*5 cubic feet) of litter; 


One year’s supply 
Six years’ „ 


. 10 
. 20 


Swt> riuf. Siirucd. 

t! 4 

16 11 


2. MoM-Litter. 

The forest is the home of most mosses, esj)ecially of the 
arger species, which may be used for litter, llie growth of 
BOSS depends generally on the presence of damp soil and air, , 
ind a certain amount of cover. Only a few mosses can stand 
full exposure to light. Some kinds of fortjsi inosses form 
large tufts only exceptionally, whilst other gregarious mosses 
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under fovourable circumstances carpet the ground over 
extensive areas. 1! these carpets are formed of the larger 
kinds of moss, they yield a very important form of litter. 

Of the mosses employed usually for litter, several species of 
the large genus Ili/pnnm and of other genera are common, 
Schreheri, pnrnm, caop’uhilum, molluscnm, 
cuprensijorme ; Hjilocovnn'm uplcntkna, triqiu tnufi 

and liiTeum; Bvach}itlu>cinm. ndahnlnm ; Citmpoth'ciuin lutes-- 
ems; TInndium tamuriHcinum and abietinum, oia. ; who Poly ^ 
tTicbuni foniiosuui and nniiyentin ; Dierannui sci^jninum ; 
Bnrtramia fontamt ; Climatium deudroideii ; on wot, swampy 
ground, besides some of the above, species of Sphaynum 
predominate. 

The (piantity of moss in a forest that may 1)(‘, used for 
litter, depetids chietly on the species of tree of which the 
standing-crop is composed, the age of the wood, and the 
system of management. 

As regards species of tree, moss is most ]>reviilent in coni- 
ferous woods, and e^p(H‘ially in those of sjinice and silvcj-ih , 
it is rare for hroadloaved woods to produce moss in sufticient 
abundance to he utilizalde as litter. The older the trees, the 
greater the amount of moss, unless opening Xlio cover should 
jidmit sunlight and dry the soil, when the mosses cease to 
"thrive. The system of management followed is also 
influential. 

It is chiefly the annual fall of dead leaves in hroadleaved 
woods that forms an obstacle to the growth of moss, as they 
intercept the small amount of light which mos.ses require, and 
small tufts of moss which may^e produced here and there are 
stifled by the dead leaves falling on them in succeeding years. 
It is different in coniferous woods : the thinner coating of dead 
needles affords room for the spread of any mosses which have 
germinated and sufficient light for their development. As the 
moss then grows regularly through the annual fall of needles, 
the litter consists of an inseparable mixture of moss and 
4ead needles, and only exceptionally can they be collected 
separately. 

Vide Bmithwaite’u “Briiisb Moss Flora”; also Jaiiuw “ Field- Flora of 
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In Scots pine and larch woods, moss is generally an un- 
important factor in the soil-covering, or may be completely 

absent. Hunger-moss, or Icelan(l-mos8((l>irarirt) a lichen 

and denotes great poverty of soil. 

As regards age, in the early years of dense spruce and 
silver-iir forests, there is only a slight production of moss ; 
after the leaf-canopy has become elevated, so as to admit suffi- 
cient light to the mil and allow for a slight movement of air- 
curronts, moss gradually spreads over the ground. It then 
continually becomes denser and deeper the highe) the leaf 
canopy, and attains its maximum in mature woods v Inch have 
been already thinned and contain adramr-groiclh,'^ provided 
the soil continues moist. 

The system of management affiads the growth of moss, in 
so far that uneven aged woods, resulting from natural regene- 
ration by seed, are generally more favourable for the produc- 
tion of moss than even-aged and artificially formed woods. 

AVherover the growth of moss is luxuriant, it regenerates 
itself after removal for litter more rapidly than under 
opposite conditions. If the moss has been completely 
removed, an interval of B to 5 years passes before it is repro- 
duced, and this may he longer on poor soils. 


B. Lit ter from Weed a. 

The forest weG^ls, which are used chiefly as litter, are 
heather, broom, Genista and ferns : loss frequently — l)iU>erry- 
buahes {Vuechtium JMifriillus) and other species of 1 aeciniuM) 
reeds, gra^s, etc. 

Heather, chiefly ling (Cidlum ruhjaris), [but in Britain, also 
bell-heatber {Krien cineren) and cross-heather (/’J. Tetralix ), — 
Tr.] produces a sour, partly-decomposed humus, which when 
the soil is dry, resemllos charcoal-powder, but when the soil 
is wet, forms a moist mass ; heather predominates on open 
sunny localities and on poor silicious soils, where it spreads 
freely and produces peaty heather-humus. The removal ol 
the heather with the sods of humus, that are full of its roots, 

Adv*a«« growtli.— Tb« seiiUing uoderwtxxi ipriugiug-up in » bigb 
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is generally beneticial for forest plants, which can overpower 
this weed only wluai they have formed a closer canopy of 
shade. [In Britain, however, the hoatlier serves often as a 
protection to young plants against spring-frosts, and they do 
not suffer from its presence so much as in the drier climate of 
the Continent. — Tr. i 

The broom scoparius) is produced by nearly every 

kind of soil ; it is chiefly prevalent on silicious soils, but also 
^^grows on argillaceous schist, quartzite, limestone, and even on 
' chalk, It always implies an admivlure of certain clay in the 
soil. It resemhles heather in re<iuiring a complete (ixposure 
to light and a moderately warm atmosphere. 

Among ferns, the widoly-simjad brack(m {Picria aqitilimi) 
is most important, AHjfKUmn Filir-mas and Anph^nitim FiJi.r- 
fivmina also are used as litter. They require a moist, or (jveii 
wet soil, ])iit cannot htand stagnant moisture. Ilalf-sliaded 
localities, or fully (^\pos«Hl hut cool, damj) places, suit them 
best. 

'i’hey grow best in moist, no longer completely c]«)sed old 
woodlands, especially in spruce ami silver-fir forests, witli a 
moderate soil-covering of moss. Clearings for plantations, on 
northerly aspects witli a rich soil, also produce a vigorous 
growth of ferns. 

'BiVoQTTY {Vaccinium and other species of Tacei- 

nium are less frequently used as litter than the ai)ove- 
meniioned plants ; their stems are usually too woody arid no 
weeds decompose more slowdy. They retpiin^ an auifjunt of 
clay in the soil, and needs shade in soils free from clay, and 
consequently dry. 

S[>ecies of Varrim't/m hence are found in loamy soil in 
lightly shaded, old woods, when the soil has become super- 
ficially impoverished ; more on warm than on cold aspects, 
both in broadleaved and coniferous forests. A large supply 
of raeci/iiam litter, therefore, always implies deteriorating 
old woods, or stunted young woods containing blanks. On 
; superior soils a vigorous growth of hill>erry is also found in 
young woods not yet fully closed. The bilberry, like many 
other forest weeds, has a superficial root-system, but no other 
weed covers the ground so thoroughly with its densely matted 
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Bou, SO tar as the bilberry roots extend. 

In wet, swampy localities, on fairly level ground many 
species of reeds and sedges grow (Juncns, Ca,L, etc.) ; they 

L ak J’f «‘‘>-Iy in the winter, and cZ 

be raked together easily. In some districts, as in Upper 

Bamia, meadows of sour grasses, rushes, etc., are used for 

Section V.— Modes of Harvesting Litter. 

The diff(,reiit ways in which litter is harvested are all 


1 . Litter from Dead Lraren and Needles. 

In collecting litter composed almost exclusively of dead 
leaves or needles, with only a few wee, is an./ « seai,;; 
admixture of moss, wooden rakes are always used. ^ 

Iron rakes are quite inadniissihle, as they not only damage 
le sillier ficial roots of trees, hut also penetrate the layer of 
humus, which they remove partly, as well as the litter. "Thin 

lakes. I he heaps of dead loaves and needles are packed in 
wiiii it on ilie s])()t. 

Iks anT " ‘'.V 1-olea- bumniocks, stones, 

weeds, or finality, ni places where swine have been rootinc— ’ 
raking is a d.ftcult lu-oeess. A considerahle. amomit of litter 
which cannot he raked up is then preserved to the forest and ' 

} 6cial metins agmmt a too complete removal of litter. ' 

[hpecies of Sti'vhUuuthf^.s have a sititilar hahir »« i. j- » 
blossom KriodiealJy, every 5 to lo vc^is Aftv “ of 

dies, and thus alIo4 tn/setHlliuL ITl l the whole 

genus is U^st represented in the Siluiri HULl Hrniela.nw, bat th*;y 

*ot r«,l. «.„£e. ••Manual Jittu TW ;: 
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2, TAtter fmn Moss. 

Wherever the moss has grown into cushions, in w'hich, as 
in fiilver-fir and spruce woods, the needles are einl)eddod, it 
Can be raked together. Certain kinds of iiioss, however, can 
be gathered only by hand. 

H, LitUr Ji'ovt UVcv/^. 

Heather is the most piXHluctive form of weed-littor, and is 
harvested in dilTorent way^ according to its ago and silvi- 
cultural rtxpiiremeiits. He^er is cut usually with the sickle, 
provided it is not more th'^ a to i years old ; when old and 
woody, it must he cut with a strong knife, or whenevtu* there 
is no fear of injuring forest plants which ar(3 growing among 
the heather, it may be pulled uj) h\ hand. \\ henever the 
heather is harvested on blanks, or waste land, it is host to 
use a strong scythe, and when not only the heather hut the 
grassy or ?uossy tufts which accomj>any it an3 utilised, a 
broad, sharp hoe is used. IJilherry and other Varcifitum 
undergrowth, also broom and ferns, when used for litter, are 
harvested like lieailier. All the heather ami other weeds, 
which have been gathered, are brought usually in cloths to the 
forest depot; hroom ami ferns are often lirnily iietl on the 
spot into bundles by iiioauH of withes. 

Section YI. —Limits to Use of Litteii, 

The forester must endeavour to render the removal of litter 
as innocuous as possible. Thus the demand for litter should, 
if j}OSsihle, he met by supplying those kinds which the forest 
can best dispense with ; places and woods are opened which 
can^hest withstand tlie loss; the intensity and length of rota- 
tion of the removal of Utter should be modified in places which 
are most liable to injury, and a season chosen for the usage 
when the soil is least exposed to he dried up. 

1 . Kind of Litter, 

litter from roads, halting-places, ditches and blanks, and 
from forest weeds, may be supplied with least injury to the 
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Only when other sources of supply fail should the removal 
of ground-litter be permitted from the woods. The remaining 
paragraphs refer to that mode of litter only. 

2. Locality. 

The better localities should be taken in hand first, the 
inferior ones being spared as long as possible. Litter which’ 
has been liea[)ed up by the wind in wet places, on moist, low- 
lying ground, in hollows, ravines or narrow valleys, and thick 
cushions of moss in damp ground and on places about to be 
regenerated naturally, may be utilized with the least damage 
to the forest. There is sometimes in cold localities a stiff, 
heavy soil, which is improved by removing the litter. The 
lorth and east slopes ot hills, with rich deep soil covered with 
cattered blocks of stone or boulders, and terraces or gentle 
ilopes on mountain-sides, sliould always bo preferred, the 
nore exposed places being used only as a last resort. Places 
ixposed to wind, sucli as hill-tops, mountain-ridges, steep 
lecliviii(^s and ('-special ly the upper parts of steej) mountain- 
jhains, should bo spared always. 

d. Nature of Crop. 

Vigorous, dense, mature crops of trees should be opened 
:or the removal of litter in preference to other parts of a 
‘orest. All ^Yoods that are deteriorating for any reason— 
ivliich have suffered from caterpillars, ‘snow-bi*eak, wind-break, 
Irougbt, etc., or in which, from any cause, the loaf-canopy has 
)pened out- - (for instance, immediately after thinnings, pre- 
paratory fellings, etc.V- must be protectcul as long as possible 
igainst the removal of litter. All woods intended for imme- 
liate natural regeneration, and even-aged old woods ready for 
[oiling may be opened, but all young woods, till they have 
reached middle-age, should be spared. Litter should, as far 
IS possible, be preserved carefully in coppice- with -standards 
ind cpppice, and especially in oak-bark coppice. 

4. hiteusity of the Usage. 

Only undooomposed Utter should be removed, that in pro- 
decomi>03ition being preserved. This proviso cannot 
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indeed be completely Hecuroci, but every effort must be made 
in this direction and the removal of the humus should never 
be permitted. The more a locality requires i)rote(-tion, tlio 
more superficial should he the removal of the litiei ; this is 
possible if the workmen are engaged by the forest-manager, 
but when the peasants remove litter on their luvn account, it 
is better hj allot a largo area instead of a small t>ne foi the 
removal of litter. The mossy carpet in spruce and sil\ei-in 
forests sliould never he nunoved entirely, hut only in patches 
or strips. The hoe must never he used for removing heathm* 
ill sods. AVheii dead leaves are raked together, only a wooden 
rake with wide intervals between the teeth should ho used, 
never an iron rake. 

0. hvwjth ([f Clom’-tiiiU'. 

The length of close-time between two successive vtMUovals 
of litter from the same area depends on tlu^ nature of the 
locality; the soil and contlguration of the ground sliould be 
considered first, and, only in the second places the siiocies, 
age, and condition of the wood. It reipiires no argument to 
prove that the forester should insist on as long a closi^-timoas 
possilde, and should only consent to an interval less than six 
years when ahs<dutely compelled to do so. Jlie close-time 
maybe shortened incrops of trees that have attained their full 
maturity, hut must he kept as long as pos.sihle in tlui case of 
young woods. 

(>. Sf'ftXdIt. 

Heather and broom hhould he harvesU‘d just before they aie 
completely in blossom, ferns^ in the autumn; on regeneration- 
areas it is hotter to collect litter somewhat late in the year. 
Ground-litter should he raked up chielly in autumn, whiht the 
leaves are falling. Wherever the removal of litter must take 
place in spring, it should he restricted as much as possible in 
quantity ; the farmer, however, requires more litUa* in spring 
than in autumn. Dry weather is preferable for the removal of 
litter, as then the work is less lalwrious, and because, in wet 

* [Hon. G. Lascclles. Ueputv Surveyor. New Forest, Hiatus that if bracken ie 
<jnt before the end of Septernbei-, as in the forest of Dean, its rlnzomes become 
greatly weakened, and the crop becomes gradually poorer.— Tr,] 
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weather, in order to obtain dry litter, the peasant will select 
the very places that are most liable to damage. 

7. Plan of Oparatiom, 

It is in many places usual to draw up a plan of operations 
for the removal of litter, to serve for a longer or shorter series 
of years ; this is revised usually at the same time as the forest 
working-plan. In such a plan all coinjjartinents are designated 
which may be opened for the removal of litter, subject to a 
suitable close-time, and the plan is based on area. Although 
this plan is drawn up on dill’erent principles in the dilTerent 
German countries, yet they all agree in excluding from the 
usage areas requiring protection, and especially all kinds of 
young woods. After this has been deducted, the remaining 
area is dividcul ))y the figure reprc'seniing the rotation of the 
Utter, tlu^ quotient being the ar<‘.a which is opened annually 
for the removal of litter. In order to compensate for the 
withdrawal of the annual felling-areas from thi‘ area open to 
the removal of Utter, an area of the oldest wootls eijual to 
those which were closcsl, must bo op(o\ed annually k) the 
usage. In countries where years of scarcity of straw (U'cur 
periodically, a reserved area of woodland sbouUl be sid aside, 
whieh may be opened wlien required. 

In Baden, removal of litter is not allowed in tlie case of 
broadieaved woods, till they are -10 years old ; in coniferous 
woods—80 years, and in coppices 12 to 15 years. The 
shortest close tiiiu' is three years. In Hesse, removal of litter: 
is not allowed in high forest till after the first thinning, ahd 
; in coppice till the second lialf of the rotation. In Bavaria, all 
woods are closed to tlie removal of litter till the second half of 
the rotation ; the cb^se-time is as follows ; — 


Nature of 

Jiluisl soil. 

l>ry soil. 


^ t'ars. 

Yeow. 

Scots pine, larch, birch 

3 

i 6 

Beech, oak, Mlvt*r-fir, spruw ... 

0 

1 10 

i 


In the Wurtemberg State forests all rights to litter 
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eiAer been commuted [by purchase, or by granting; a forest 
area to the commune which lield the right.— Tr. j, or arc now 
in process of commutation, so that no plan of operations for 
the removal of litter is required. In Prussia the local forest 
official is authorised, according to the aetuul re<iuirementH of 
the people, to open those forest areas for the removal of litter 
which are best able to bear it. 

Section VII. — Mope of DisrosAn anp Half of Poukst- 
Littfii. 

1. PernoHS who maij nmon- Litter. 

Owing to the great prejudice to wood production caused by 
the removal of litter, this usage is not considered as a n'gular 
form of forest utili'/.alion. ns in the ease of wood and other 
minor produce; but unless Ibere is any actual right of user, 
it should be permitted only as an extraordinary concoBsion 
for othorwiao irremediable agricultural distress. Thus, lilier 
is grunted by a forest ollicial only to riglit-bolders, or by 
specie, 1 permit. In both cases the amount granted is limited 
by silvicultural re<[uiri'menls, as laid down for instance in the 
pian of operations, and in eases of urgent necessity (‘ven these 
may be exceeded. 

(a) Right-holders.--“Ki gilts to litter are generally unlimited 
in amount ; even then they must l>e liuiih'-d by the require- 
ments of the right-holders, or by those of silviculture. It is 
extremely difficult to dt^cide what are the actual refiuiremeuts 
, of the right-holders, so that silvicultural refiuiremcnts may be 
pararaomifc. All national-economic laws in (iertnany prescribe 
that rights to minor-produce from a forest must ho so limited 
in volume as not to endanger the production of wood. The 
necessary limits are laid down in the plans of operation for 
liitter, which have been drawn up by competent })orson8, and 
$\\ grants of litter to right-holders must therefore he kept 
^ witl^ the limits prescribed in these plans. 

> , (b) Permit-holders.-— Permits to remove litter should be 
jpjiven only to persons actually in need of it. 

It is evident that to supply litter too liberally to fanners 
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tempts them to abstain from producing sufficient straw for 
their cattle. In years of scarcity of straw, however, exceptiona 
assistance to farmers is justified. 1 bus, in the dry year, 189 , 
about 75,000 tons of forest-litter, from the State forests of 
Bavaria, were given to the farmer.s. The forest-owner shou d 
see to it that these aids to agriculture do not become normal. 


2. -Safe of hitter. 

Litter can be sold only in two ways: by royalty, or by 
pubUc auction. The latter method, however, can be adopted 
only if the removal of litter is regarded as a measure 

necessary for forest management. 

If litter is sold to the highest liidder, it at once assumes the 
character of ordinary forest pro.luce; fanners base their 
cnltivalion on these sales and expect them to recur annually, 
and thus a demand for litter arises. Attempts an being made 
to render the demands for litter iiermanont. I’nces obtained 
for it hy auction rei.resent only the agricultural value of 
litter, if thev are to guide the forester in fixing the royalty 
it should be remembere.1 that the forest point of view differs 
from the agricultural opinion of the value of forcst-htter. 

There is, however, little or no objection to auctioning litter 
of forest weeds, the removal of which rarely injures a forest. 

In fixing royalties for litter, two points must be considered, 
the unit of measurement to lie adopted and the rate of royalty, 
(a) Unit of moasuremont. — Forest litter may bo measured 
,V area or by volume ; in the former case, as a rule, one or 
aiore compartuients in a forest are opened to all permit- 
holders who remove the litter collectively. They either divu e 
the litter among themselves, or each permit-holder is allowed 
to remove a specific number of cartloads or headloads. Then 
separate areas usually are allotted to the different modes of . 
conveyance (carts, wheelbarrows, headloads, etc.), y hen the 
litter is disposed of by volume, heaps of specified dimensions 
are preiiared by the permit-holders under the sRpemsion of 
the guards. The size of each heap corresponds usually to the 
local waggon-load (for two horses or bullocks) termed m 
German. Fmln, being equal to five stacked cubic meters, 
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Removal by volume in heaps is preferable to the method by 
area, and does less injury to the forest. The litter is thou 
brought alongside the rt^ads and piled in rectangular heaps of 
equal size; these are counted and delivered in a regular 
manner to the pennitdiolders. 

(b) Price of litter.— Strudlv sp<‘aking, ilie })riee of litter 
should depend on the loss of wood incnuiient caused by its 
removal ; for, from a silvicultural point of view, lithu- is as 
valuable as the additional volume (d wood which W'ould grow' 
on an area, were the litter allowed to remain. Since, liowevor, 
the exact amount of the loss of wood for any locality is, as a 
rule, nou-ascertainabh', this method of valuing littiu* must he 
ahandonod. Anoiluir means for di'hu’miniug the royalty on 
litter is its agricultural vahie, whieli should he the minimum 
royalty for litter, and may h(‘ most eorn'ctly determined by 
selling it hy public auction. Th(‘. agricultural value of litter 
depends (Ui tin* current price of straw, on scarcity of straw, 
and on the general conditions of agriculture. Brock says that 
the deaiau* is straw’, in a year ot scarcity, the clieapcu* forest- 
litter should he ; in such case, old woods may he raked, pole- 
woods cleared hy hand of litter, in strips only. 

Even ill cas(.‘s wliero forest-owners for certjiin natsoiis are 
compelled temporarily to permit the removal of fort*st-litter, 
it should not bo given gratis, though low’er jirices than those 
current for straw may lu* charged. This position among 
others was adopted hy tht‘. Bavarian Forest Department, in 
the year of drought l89d-4. 

[As regards the use of forest-litter in Britain, tlie followitig 
data are given : 

In the New Forest, about 11,500 bundles of heatlusr are sold 
per annum at 1«. 100 bundles, G bundles being about as much 
as a man can etmveniently carry. Heather is also cut and 
sold in the Windsor Forest at Id. a lieadload. 

Bracken is cut, in the New Forest, from ihe 2r>th Septemlier, 
by the foresters, and is sold dry t-o farmers, w'ho remove it 
from tiie forest, at 8«. a waggon-load, the cost of cutting and 
drying being 5s. In the enclosures it is much more [)atchy, 
and costs 7s. a load to cut and dry, but is then cut and sold 
between the 1st of August and tlie 15th September, at 15s^ a 
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load. People who are very keen about oracaen oeing well- 
dried pay the extra price. From 1,800 to 2,000 ^aggon-loade 
are thuH removed annually. In Windsor Forest, it is sold at 
2s. a cart-load (one horse), the purchaser cutting it. In the 
Dean Forest, there is a poor crop of bracken, it being cut too 
early, which weakens the rhizomes considerably. The Hon, 
G. Lascelles, Deputy Surveyor, New Forest, who supplied the 
above information, states that if bracken is cut before the end 
of September, as in the Forest of Dean, its rhizomes become 
greatly weakened, and the crop becomes gradually poorer. 

We have seen above that the removal of dead leaves and 
other forest-litter is practised extensively in Germany. 
In France, this removal is termed wKtranc, and litter u 
but the beneliis to the forest by disallowing its removal 
have been felt so long, that no rights-of-coinmon to such a 
destructive practice are allowed by law, and in the standard 
French book on silviculture, Boppe et Jolyci, “ Les Forets,” 
tbe practice (p. 123) is alluded to merely, ” d/ais le 
silrivullt’ur doif surtoiit sV>pj»o.srr dc la favon la jdaa hienjiqibc 
ij Vcnlrvemcni deft J'vnillcs mortex. Ileinruxcment, rr 
Bccit encarc en Alleu\a(jne ^ vat (rh loralUf ca, Frunce.'^ — Tr,] 

Sk<'TIon VIIL— Limits to PKiiMissnUiK Use of Fokkst- 
Littkii. 

Section I. of this chapter deals, in a general way, with the 
question of forest-litter, and describes its important action 
upon tbe well-being of the forest and on the production of 
wood ; it proves also that the removal of the litter is most 
injurious, wlionever it is necessary for the soil and crop of 
trees in question. No further renmrks on these points, there- 
fore, are required here, but those cases will be explained, in 
which the removal of litter does the least possible harm to tlie 
forest, or even may be useful to it. 

1. Locality, 

Bead-leaf litter may be removed from places, where its 
presence is indifferent, or superabundant ; from areas not 
need for the production of trees, such as forest meadows, 
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glaaGB, roads, ditches, etc. ; it should be removed from areas 
used for tree-growth, but which are covered deeply with dead 
leavesr depressions, or freBhly-so^Yn compartments. All weed- 
litter may and should be removed, wherever it is a hindratiee 
toiiaturai regeneration, or to the development of forest plants ; 
also litter containing numerous larvie or pnpjc of destructive 
insects. AVoods growing in localities, where the climate is 
cool and moist, and where the rainfall is heavy are chosen in 
preference to dry localitii's for the removal of littei. 

2. Soil. 

Soil that is minevalogically rich can withstand ilie removal 
of litter better tliaii poor silicioiis soil ; on poor soils the elToet 
of this removal is felt soonest and most severoly. 

Bchw'ap]Mich siatos that in spruce woods of the host quality, 
the annual removal of litter even for long ]>eriodH has no \m\ 
effects. Laspoyres found Unit the use of Utter on good soils 
IS indiffert'nt ; that in years of drouglit litter may bo taken 
from inferi<‘r soils. lUouel^ sbowed that annual removal of 
litter during peri^uls of 2U to ;i0 ermseU a falling off of 

increment in old beech woods, on inferior soil, of U2, lUf, 42 
and even per cent., while on good basalt soil (llhomd the 
loss was only S j)er cent. I’mler similar conditions, the loss 
of increment in Scots pine woods of good (luality was 7*5, 9*3 
and 10-9. llemoval oi litter every three ycairs in ila* Spessarfe 
from beech woods caused a loss of increment of i;i])(>r cent., 
every six years, of 10 per cent. These observations showed 
further, that the loss of increment increased steadily from 
period to period. 

The condition of the subsoil is also inii)ortant ; if it is of 
boulders, gravel, or of rock full of cracks, ami also the ground is 
sloping, the water descends to such a depth, as to be useless 
for the forest. The ill effects of the removal of litter froro 
soils full of springs or from deep soils are felt less ; its had 
effects are nowhere greater than on shallow soil, with a subsoil* 
of gravel, etc. 

• Blend Ober <\en Einflus** Strcunutjjunjyauf di«' Mii«>4»-npr(durtion dm 
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3. Clhnate, 

In cool, moist climates and in localities sheltered frem the 
wind, litter decomposes slowly ; sometimes it accumulates to 
such an extent, that its removal may be even advantageous for 
the trees. Such places should be opened, first of all, for the 
removal of litter. 

4. Speviea of Tirx. 

The removal of litter is the less injurious for any species of 
tree, the better the locality suits it, and the less the i>roducti- 
vity of the locality, depemds on the soil-covering of dead leaves, 
moss and liumus. The question is therefore strictly local, 
and must be decided afresh for (’-very change of locality. 

5. A(/e of ('rop. 

The removal of lith-r is most prejudicial to young thickets 
and ))oles ; on the contrary, for mature crops of trees, at the 
commencement of natural regeneration, its rtuuoval facilitates 
the germination of the seed, [and enables the seedlings to 
become rooted lirmly in the mineral soil, when they are less 
exposed to ptu’ish from drought than if rooted merely in 
the litter. — Tr.] 

(>, Deuaitp of ('rop. 

There are crops of such a tlensiiy, that encourages an 
unproductive accumulation of [)artly decomposed, humus ; in 
dense spruce and silver-fir woods this ))ad condition of the 
soil arrests tlie growth of the trees. In such cases, thinnings 
are beneficial and so is the removal of the cushions of moss. 
Also in cro[)s of pines, oak and larch, there is often a dense 
soil-covering of mather or bilhorry-plants, that induces the 
formation of sour soil and of a pan ; removal of the soil- 
covering and breaking up the soil is thus beneficial. 

7. lutt’usitif of the I nape of Utter, 

The shorter the period between consecutive removals of the 
litter, the greater the injury to the crops. Such an interval 
may be termed rotation of the litter-raking. 
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It is also of great importance when the litter is removed, 
whether only the iippeniiost layer of undecoinposed leaves, etc., 
is raked togeth(3r, or the hmuus and miiuo'al soil Indow is 
also affected. The deeper the raking the more injurious it is. 

Whenever deep raking is rojK'ated fre(pu*ntly, the soil 
becomes dry ; it may become so lirni and hanl that the next 
year’s dead leaves, either are blown away by the wind, or do not 
coalesce with the soil for several years. Tlu'refore, only the 
upper and undeconi])osed, or slightly decom])osed, layer should 
be removed, and the moss removed only in strips. 

8, SeaftoH for tin- Vnaife. 

The removal of litter is more prejudicial during spring and 
summer; less so in autumn hefort; the leaves fall, and huist of 
all after tlu3 fall of the h'-uves. 

liaking, before the leaves have fallen, nunoves desid foliage 
that has lain for Ji year on tlu! ground, so that in order to 
secure a given (plant ity of litter the rake must go dee[)er 
into tlie decomposed hunms. When raking is done after 
leaf-fail, some of the freslily fallen leaves remain on the 
ground. 

SnoTioN IX. — Vali'k of Foiuost-Litteu fou AoincFi;n;uE. 

The very existence of agriculture depends on a Huflicient 
supply of manure. Jloih agricultural and forest land reipiire 
that all soil-conslituonts which tlie crops have taken from them 
— in fact tlioir own ash-constitueri Is "-should ho restored, or 
they will become sterile. In order to meet the constantly 
increasing demands on the soil made by agricultural crops, 
every farmer besides using imported arlilicial manure, endea- 
vours as much as possible to increase the supply from his own 
farmyard. In order, however, to obtain more farmyard man ure, 
more fodder-crops must be grown, and any scarcity of hay, 
clover, etc., must he iu(*t by using straw. Ihit stalled cattle 
require litter partly to afford them dry bedding, and [lartly 
for the absorption of their excreta ; when therefore there is 
not sufficient straw for this purpose, a substitute may he found 
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'^A iJdad ferns come next to these in value, while coniferous 
.needles and heather are less suitable. The absorptive power of 
Woods and branch-litter varies inversely witli their more or less 
woody niHure. 

[Ebeiinayer states that animal manure containing much 
ammonia has a basic action ; vegetable dchnn, except when 
mixed with lime or aslies, is acid.—Tr.] 

The absolute value of the various kinds of forest-litter 
depends chiefly on their value as manure and bedding, but, 
as noted above, oilier factors also intervene. Taking all 
these into consideration, the kinds of litter may be classed 
as follow : — 

1. Moss, either alone, or mixed with needles. 

^2. Straw. 

8. Dead ferns. 

4. Dead leaves, of beech, .sycamore, lime, alder, and hazel. 

5. Coniferous needles, and dead leaves of species not 

included in 4. 

6. Weeds and branch-litter. 

Moss, when used dry, is the best of all forest-litter : it is more 
absorptive tlian straw, and contains more nitrogtmous matter, 
phosphoric acid, and potash. Its rate of decoiTi]>()sition varies 
with the species of moss. Mosses that occur usually in spruce 
and silver-fir forest become eonvorled rapidly into a fairly light 
soil ; the more lihioiis kinds of moss, which grow on swampy 
ground, decompose more slowly. 

Dead ferns also form a valuable kind of litter, containing 
not only the largest quantity of ash, hut also, when thoroughly 
dry, being highly absorptive of liquid manure. Ferns also rot 
rapidly, and improve tlie porosity of a soil. 

Ditter of dead leaves of beech, lime, sycamore and hazel is 
very nearly a.s valuable as straw; when used for manure, 
however, unless thoroughly rotten, it is rather harmful to light 
soils, in which it fornis stratified layers, does not decompose 
uniformly and often renders the soil too loose. Tlius, light, 

, sandy soils manured with it often become sufxirlicially dry, and 
; the leaves and dung applied to them are blown about by the 
; wind. 


8 1 2 
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Dead needles, taken alone, are inferior to dead leaves of 
broadleaved trees, both in their ash-constituents and power of 
absorbing dung. As, however, there is generally a certain 
amount of moss with the needles, this increases theif value as 
litter, and hence, a mixture of dead needles and moss is pre- 
ferred to d(!ad leaves. 

The branches of conifers form a litter very variable in value.* 
If it contains only the twigs and last year’s sa{>py shoots of the 
trees, and all woody pieces less than the little finger in thick- 
ness are excluded carefully, this litter in many districts is 
considered valuable for stiil soils. It is not used in loose, 
sandy soils, or when very woody. 

Heather, as well as litter from other weeds, is inferior agri- 
culturally to the kinds already referred to. It varies, however, 
in value, according as only the upper half of the i)lants, or the 
whole plant is used; if cut when young, or whiui old and 
woody ; in the spring, or the autumn. Sods of heather, includ- 
ing the roots and iiumus around tlnan, as w(!ll as the whole 
plant, are much mon* absorptive of dung tlian the heather 
alone ; but their removal is never peniiissihle under careful 
forest management. 

2. Casrs U'herr Fored-Lidcr is [rnhspi'iisahJe /or Ajfricalture. 

The condition of agriculture is so variable in different 
countrit'S, and the intensity with which land is farmed differs so 
considerably even in uiie and the same district, that to answer 
the above (piestion requires a spt'cial consideration of each case. 
The main factors of general application are ; — the natural pro- 
duotivoness of the soil, climate and season, size of farms, 
density of population and comparative knowledge of agricul- 
ture by the farmers. If any si)ecial case is considered under 
each of the above heads, a decision may be formed as to the 
indispensability or otherwise of forest-litter. 

Within certain well-delined limits forest-litter may be con- 
sidered indis])ensable to agriculture i—in the case of inferior 
soils and unfavourable climates ; in years of scarcity of straw 
and fodder ; in over-populated distriots where landed pro- 

- • cy. Part II. 
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petty is much subdivided and garden-husbandry or the culti- 
vation of ix)tatoes extensively followed ; or where, in fairly 
productive localities, the land is being over-cropped. 

In all other cases, and especially where bad fanning prevails, 
and the farmer from obstinacy and indolence declines to adopt 
improved agricultural m(‘thods, tlierc can he no real necessity 
for concessions of forest-litter. 



CHAPTER IV. 

DiaOINa AND PREPABATION OP PEAT.* 

Sk(!tion I. — (lENERAi. Account. 

In tho cooler parts of the le.uix-rate zone there are numerous 
areas, frequeuHy of large extent, characterised by an excessive y 
wet soil and a specialised flora, and generally known as peat- 
moors or hogs. Most of these moors yield peat, sometimes 
called turf, as in Ircdand and tho English fens. 

Extensive peat-hogs are found in all northern countries, but 
not in southern countries. They are most ahundant in Ireland, 
Bussia, Scandinavia and Germany, occurring in river-valleys, 
along the hanks of lakes, on high plateaux and ridges in 
mountainous districts (such as the Harz, Ihuniigerwald, 
Erzgebirge, Rhbne-valley. Schwarzwald, .Alps, etc.), also on 
the high Swabian plateau in Bavaria bordering the northern 
declivity of the Alps, where there are at least 500 square miles 
of peal-bog: there are also extensive bogs in the plains of 
* North Germany. This latter district, extending northwards 
into Hemnark and westwards into Holland, is the richest peat- 
producing tract of land in Europe, for hogs over 1,500 square 
miles in extent, which occur in Hast Friesland, do not pro- 
bably exist elsewhere. 

[There are in Ireland 1,801 square miles of peat-bog, with an , 
average depth of -25 feet, chiotly in the counties of Mayo. Galway 
nd D'enegakl but the area of bog in Great Britain is not given 
a the agricultural returns, though peat is dug for fuel in the 
Scotch and Welsh hills and mountains, in the Yorkshire and 
jincolnshire wolds and moors, and in the fens of East Angha 

ind Somersetshire.— Tr.] 

• Bdumwin, “Die Monro a. die MoorViUtur in Bayern.” Miinael, 

Meow dro Krecebiriie." n.mold, “ Die Torflaiw in Wiirttemberg. 

+ TtW of the boK of Allen in Ireland la about .WO square miles. 8^. 

Thi Irish Peat Question.” T. Johnson. " ProccodingB of Royal Dublin fiode^f v 
No.., 1898,— Tr.] 
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Moefa has bean written at different times about the com- 
position of peat ; recently, Wiegmann, Seiultner and Braun, 
Muller and Bamann,'*' all agree that it consists chietly of 
vegetable substances, the decomposition of which is arrested 
by excessive moisture : the only questions still unsolved being 
whether the exclusion of air by water alone siitllces to retard 
the decom position of tlie vegetable remains, or whetlior the 
antiseptic action of free humic acid is also indispensable for 
this purpose, finally, whether frost in any way alYects the 
formation of peat. 

Since, during the formation of peat, air is exchuled l>y the 
presence of water in excess, the carbon contained in vegetable 
debt k cmnot he converted into carbon-dioxide, Imt plants in 
the deeper layers of a peat-hog part with tlieir oxygen and 
become carbonised. 

Permanoiit and excessive moisture causes the formation of 
peat, and this, according to Seiultner, may be due to 

(a) Impermeability of the soil, when the bed of a poat-bog 
is formed of clay, loam or marl. This is the usual cause of 
peat-formation. 

(b) The porosity of the soil. When the siiloHoil consists 
of permeable sand or gravel (as in the case of soviiral Dutch 
and North German hogs) the situation being ('.it, her on a levoL 
with an adjoining lake or the sea, or sli-litly (‘hn'aled ixhov^ 
them, the soil is maintained constantly wet by the sub-soil 
water. 

(c) Inundations, when repeated annually and lasting for 
some time. 

m fTmilly, C(‘rtain mosses, c.f/,, Sjthaijmuttj Virratmm^ 
cause moors to form, as they become saturate<l with water and 
spread centrifugally from their original position. 

[Some European jit^at-bogs are of great age, and con- 
tain remains of extinct animals (Irish elk, etc.), also of 
arctic flora, dating from the close of the Glacial Period. 
— Tr.} 

• lUmann, “Moor u. Tori, ihre Entstehung u. Kultur,” 18SS. SfinfUner, 

** Veg«itation«ver]mlimsse von Siitlbaycrn,"' p. r,4l ; Spjejii/ers notos on p}>. 37, 
‘Hl.iif hewiuereux. ’‘Uritersuehuugen in)er dit; Torfin<K»r»!’‘ ; al>K> Kraiin. ‘‘JDW 
^.HumtudiaFe mid die ffwallen Hronnstoffe,” DaraiMta^U, 18s4. 
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DIGGING AND PEKPARATION OF PEAT. 


Section IL— Classification of Bogs. 

Peat-bogs vary considerably in appearance, being composed 
of various plants, and containing different kinds of peat. 
Thus, in North Germany, high peat-bogs {Ilochmoore)^ are 
distinguished from fens {Griinlainlsmoore, or Briicher) ; in 
South Germany, chielly in the Bavarian and Swabian plateau, 
there are high peat-bogs and morasses (If Les- 
quereux classifies Swiss bogs as super-aquatic and infra- 
aquatic, corresponding to high jieat-liogs and morasses. 

1. i/h/Zi l\‘at-ho(fH. 

jfigli peat-bogs, termed also peat mosses, peat-moors or 
wolds, ar(5 eharacterisiid chiefly by the prevalence of peat-moss 
{SphofViuni), and a dense growth of heath plants {CaJluna, 
ivrhr/, Aiidromtula^ M/frica ami Vacriuium) ; in South Germany, 
also, the mountain-pine (Pimix moniumOi hirch and willows 
a])p(iar on ih{‘se hogs, and the spruce on their borders. 
These plants grow gregariously on extensive areas and form 
most of the peat. Such hogs are c}iaract(;rised hy a gravelly 
or clayey subsoil and hy the convex, arched shape of their 
surface. 

The arching of their surface (from which the term high 
peat-bog arivses) consists in a gradual, upward slope from their 
margins towards their centre. This upward slope is sometimes 
inconspicuous, but often reaches 20 to 22 feet, or even SB feet, 
as in the Emsmoor and in East Enissia. High bogs originate 
at their highest point from which they tend to spread ir^all 
directions; this is due to the hygroscopic nature of the moss 
{Spha(juiuii)y so that water constantly tlows from the margins 
of a bog, rendering the surrounding land swampy. In this 
way even permeable soil may become covered with jieat, the 
bog consequently spreading. The wettest parts of high peat- 
bogs are their borders. 

2 . Movasfics or Meailou'-lHujs, 

Morasses, as in the Bavarian plateau, have a completely 
4i^ei'ent flora from high bogs. In the first place there are no 
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peat-inos^s, heath- plants or mountain-pines; in their place 
species of Hijimnm and sour herbage iKiiophantm) appear, 
which are their chief components, while stunted Scots pines, 
alders and birches are here-and-there disseininated. High 
bogs are distinguished readily, even at a distance, by the 
appearance of the heather and red-tinted SphiUtuum, hut 
morasses resemble extensive sour metulows. 

In the Bavarian jdateau, morasses have a subsoil of boulders 
and gravel brought down from the mountuins and usually 
covered by a tliiu layer of amorphous calcareous marl, tt'nned 
locall}^ Ahn, which forms an impermeable huM^ for tlu' ]H>g. 
The surface of morasses is horizontal, ami they are move 
fre(|uent in low laiaU near rivers than in depressions among 
hills, where high hogs prevail; they an* more exlensiv(i than 
the latter in soutliern Bavaria. 

8 . FniH. 

ThtJ fens of the Nortli (lennan plain have mueli the same 
appearance as the morasses of the Swabian I'lalean, as tliey 
are also formed of sour lierbage, such a,s rushes, sedges, cotton- 
sedge {F.rinpJtoni}ii)ii]h\ mohs ; but according to Sjtrengel, they 
do not yield actual peat, hut a muddy humus which is dredged 
from them. 

Those fens are often of large tjxtont, chieliy near the w'ator- 
courses, but are much less prevalent in North (iermany than 
the high moors. 

[The feais in East Anglia, when near the low’ chalk hills of 
that'region, as at Mildenhall, scam-timoH rest on beds of marl 
formed of the dchriH of water-plants ((liani) incrusted wdth 
carbonate of lime from the brooks running into tluau, p(iat 
also occurring on the Kimmeridge and Oxford (days. In all 
these cases, the vegetation rcsemhles that of the fens and 
morasses of Oennuny. Professor Seeley states that in East 
Anglia, at the base of the layers of peat there are (uiihedded 
forests of Scots pine and yew', separated by marim* clays.— 
Tr.] 

Although, as a rule, the different kinds of l>og preserve their 
distinctive character, yet there are many intermediate forms. 
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Thus fens and morasses may contain patches of higli peat-hog, 
and frequently pass completely into the latter foria^ as in 
many North German districts. 

Besides tlie above-mentioned kinds of bog, there are seaside* 
bogs and forest-bogs. The former are found on low lands 
along the seaside, which cither are inundated occasionally by " 
the sea, or into which brackish w^ater infiltrates, or are 
caused by the damming of the monilis of rivers or small 
^Yater>courHes by the tides. Forest* bogs are those in which a 
great number of trunks of trees in more or less ^od preserva- 
tion (l)og-oak, etc.) are imbedded. These trees are sometimes 
erect, as in the Wicklow mountains, and sometimes lying 
horizontal, as at Sunningdale, in Berkshire. Both these 
forms of bog, however, come under one of the headings 
already mentioned. 

The peat found in the different bogs varies greatly in its 
character, according to the degree of deconii)Osition it has 
undergone, its greater or lesser contents of humic acid and 
carbon, the vegetalde dfln'is of which it is composed, and 
finally the comparative quantity of earthy material which is 
mixed with it. Home peat resembles lignite both in appear- 
ance and economic value, whilst oiluu- kinds hardly can be 
distinguished from slightly decomposed vegetable remains. 
So many hogs are intermediate to these extreme forms, that it 
is difficult to characterise even a few of them. They are 
distinguished frequently by means of tlie plants from which 
they are formed, such as heather-peat, moss-peat, wood-peat, 
sedge-peat, etc., hut thus no true standard of quality can be 
obtained, as each variety may represent peat of every 
possible quality. The best way to judge of the latter is to 
consider tlie degree of decomposition of tlie vegetable dehrin, 
the degree of cohesiveness of the particles of peat and their 
density. In this way, the following kinds of peat may be 
distinguished 

(a) Amorphous or Black peat, a dark brown or blackish 
peat with silky lustre on a cleaorcut section, heavy, generally 
rich in carbon, when dry, breaking with a conchoidal fractui#*. 
This peat is found generally in the deeper strata of a bog, and: 
the plants of which it is formed are scarcely recognisable. 
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(b) jPIbroTisor Brown peat, of a loose fiingoidal structare, 
in ^hich the component plants, grass, moss, heather, reeds, 
sedge, etc., are generally recognisable ; it is usnally of a lighter 
colour than black |^at (;^^ellowisli to dark brown), less heavy, 
more or less carbonaceous, when dry does not crumble and 
usually occurs in the upper strata of a bog. 

(c) Dredged peat, a more or less tenaceous black p('aty mud, 
forming the lowest layer in morasses, showing no visible 
vegetable structure ; when dry, it has a peculiar lustre and is 
heavy; owing to its muddy character it generally is moulded 
into various shapes. 


Between dredged and black peat libe best kinds) and brown 
peat, there are numerous inbnmiediaio varieties, the (juality of 
which is considerably modilied by the amount of earthy admix- 
ture they contain. This earthy nnittor consists partly of the 
ash-constitnents of the peat-forming plants, and partly is 
introduced accidentally by inundations, etc. 


SkCTION lII.-'-MKTnoDS OK IlAllVKSTINOt 1 ‘evT. 

Before underhiking to work a poat-bog, a full estimate 
should be prepared of its quality and its pr(d>al)bi volumo, in 
order to determine wbeiber tbr outlay of capital ({xpendod in 
removing the peat will be covered by its value and that of the 
cleared land, 

1 . (Juimtilff of Peat» 

The following data are reipiired to estimate the quantity of 
peat in a bog : the area, d(q)tb, amount of shrinkage of the 
dried peal and the loss of peat during its extraction. 

(a) The area of a bog should be ascertained by surveying it. 

(b) The depth may vary considerably at dilTercnt points of 
a bog, which is not unlrequently interK< ctffd with one or more 
layers of sand, loam or trunks of trees. In order to become 
acquainted with the nature of the bog, it should be divided 
into a rectangular network, the points of intersection of which 
may be about 27 yards (25 meters) apart, and are marked by 
numbered slakes. Three metlnxls can then be followed ; either 
strong poles are driven down at each numbered point to the 



796 mCKJING ANP PREPARATION Op PEiT. 

bottom of the bog, pits 2 to 8 yards broad are dug, or a peat- 
borer is used. 

Driving poles into bogs may lead to false inferences, if beds 
of marl or trunks and stumps of trees, etc., are imbedded and 
prevent the poles from reaching the bottom of the bog. 

is often iinpraeiicahle owing to the accumulation 
of water and always involves mucli labour and expense, but 
this method afTords the lK38t possihle insight into ihe nature 
of the hog and must he employed to ascertain the quality of 
the peat. Tt is host to use the peut-horer, as this generally 
gives satisfactory results and saves much labour. Since, 
however, few hogs are level at the surface and their bed is 
often undulating and irregular, levels should he taken all 
over the surface of a })og, ihe levels of the bottom and top 
of each point of intersection being fixed with reference to 
a horizontal iilune tlirough ihe highest point in the hog. 
Tliis levelling will show what is the contour of the hog, a 
knowledge of which is requisite before its drainage can he 
undertaken. 

(c) AYith the help of the above factors, the contents of the 
peat-hog may he estimated in cubic feet. In order, liowever, 
to estimate how mmdi marketahh^ peat there may be, a deduc- 
tion must be made for shrinkage. For as soon as a iH)g has 
been drained, it settles down and shrinks ihe more, ilie more 
thorough the drainage. Tlie amount of shrinkage must be 
calculated by experiment. 

Thus pieces of peat of ihe ordinary dimensions are cut from 
several trenches and tliorouglily dried, their volumes being 
calculated before and after drying and the difference between 
them lading the amount of shrinkage, which is generally from 
80 to 50 per cent, of ihe voluiiu! of freshly cut peat. 

(d) Finally ihe loss of peat during extraction must be 
estimated : this varies in (juantity according to the skill of the 
workmen, the (puin^ity of stumps or stems of imbedded trees 
and the cohosiveness of the j)eat, for the better kinds of peat 
are much more brittle tlian inferior fibrous peat. 

During frosty weather in winter, the walls of the open peat- 
trenches frequently crumble considerably ; besides this waste, 
frequently ridges of peat remaining between the trenches 
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cwrnot be utilized. Thus a lose of peat occurs, often 26 or 
50 per cent, of its whole volume. If, however, this otherwise 
WBsteil material can he moulded into turves, no loss neisl 
accrue. 

•2. QiMlity. 

The quality of the peat is ascertained in tlie ahove-men- 
tioned manner, both as regards its efficiency as fuel, anil the 

Mssibility of thoroughly draining the bog. 

It has already been remarked that the quality of liie peat 
varies in the ditlereiit strata of the Img. the best peal being, as 
a rule, at the base of the hog and the inferior kind at its 
surface. In order to ascertain the nature of the peat through- 
out the bog, several exiHiriuiental treiiclius are dug: the 
refuse is sot aside and the lihrous peat stacked apart from 
the black peat, the relative priquirtion of eaeli kind being 
calculated ; llie peat at the base is then dredged out and each 
kind analysed. 

As the value of peat de.|)onds on the quantity oi conihustihle 
matter in it, which is greater the h ss water or ash the peat 
contains, the analysis is directed chielly to aseertaining the 
quantity of wat.u' and ashes in the peat. Tlie contents of tiio 
peat in hiliiminous substance and nncomhined carbon, winch 
is always a test of its value, may he found by extracting them 
with Bulphurous other. 

The value of a peat-hog depe-iulH also on the possihUity 
of draining it. If a hog can he thoroughly drained within 
a year from the coiiimeiicemenl of working it, the admis- 
sion of oxygen from the air will more or less quickly con- 
vert the insufficiently docomi«)sed and less valuable peat 
into rich black peal which is the m<>st valuable kind. tS ell- 
drained peat also crumbles far less than when the hog is 

undrained. .-r i n 

It is evident that if a hog is to he properly utilised, it 

should he worked in accordance with a fixed plan prepared 
beforehand; this plan specifies how much peat should be dug 
yearly, when the digging is to be commenced, in what direc- 
tion it is to be continued, according to what principles it is to 
be drained and the best lines for transport. Wherever there 
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■ki'an intentioii ot atilMng the peat and then converting ttiS' ", 
bog into a forest or meadows, so much of it will be dug each 
y^r in accordance with the purpose in view', to which the 
utilization of the peat is merely subsidiary. If, however, it is 
intended to have a permanent supply of peat, only so much 
should hti dug yearly as the bog produces in a year. 

Fresh peat is produced regularly in all bogs where the 
conditions remain unaltered. Thus some bogs produce annu- 
ally layers of peat 6 or 8 inches thick, or even thicker ; others 
a mere film of new peat, and others none at all.* 

The first condition for a renewal of the peat is a drainage 
system by means of which the parts of the bog from which 
the peat has been dug can be irrigated properly. If these 
portions can be kept submerged continually, but not too 
deeply (about 2 to 1 inches), whilst here and there ridges and 
mounds remain above water-level, the water containing humus 
and the base of tlie bog not being comiiletely freed from peat 
a continual production of peat may be anticipated. In order 
to secure these conditions, the useless upper layers ot peat and 
other refuse are thrown on the cleai’ed aieas .iiid ticnc les, 

care being taken to keep these latter inundated. • 

The mode of reproduction of a bog cannot be, explained m a 
general manner, but only observed on individual bogs, whilst 
any change in the drainage of the surrounding laud may 
greatly affect matters in this respect. As, therefore, a long 
period is required for such observations, during whic i c anges 
in the water-supply may occur and the rate of production of 
peat varv in different parts of the bog. it is rare that working 
plans for a bog take into consideration its reproduction. It 
is, therefore, considered sufficient to prepare a plan for from 
60 to 100 years, according to the extent of the bog, the doman 
for the peat, and amount of labour available; a fixed quantity 
of peat is thus supplied annually, whilst the cutting proceeds 
in a proper direction. In the latter respect, it is customary to 
commence operations at the highest part of the bog, if it is 
intended that the peat shall be reproduced, and thence to 
proceed gradually to itw lower parts. 


‘ For the mte of gfrowth in various moors, sec Seuiltucr, op, HL, p. 616. 
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L General Aceount. 

Peat can be utilized only after a bog has been partially drained. 
It is chiefly small bogs resting on a sloping bed whicdi can be 
worked without draining; drainage is ahvays necessary iti the 
case of large bogs. The object is not to drain the entire Iwg, 
but only that portion which it is intended to work immediately, 
and to such an extent that the jHiiii may bo readily dug and 
dried. The remainder of ibe bog should bo ke}>t thoroughly 
wet in all cases where the ]u*oduction of the peat is intended, 
and the peat also protected from being frozen* ; this is also 
frequently useful when the land already frecul from peat is to 
be cultivated. 

All parts of the bog which are not being utilized should lai 
kept thorougiily wot during winter, or the peat will be seriously 
injured by frost. ^Vllen wet or dam]) peat is frozen it does 
not become compact again on being driiul, Imt crumbles. If 
the cleared bog is to be planted with trees or conv(‘rtod into 
meadow-land, it is not advisable to drain the bog C()in])lotoly, 
but only to remove the superfluous water. 

The method of draining a bog dejauids esst'.ntially on its 
situation and nature; one or other of the following methods 
being adopted : -leading water away in drains, cutting ofT the 
water-supply, collecting the water in drains or tanks, or causing 
the water to sink through an impermeable subsoil. 

2. Ordinary Drains. 

The usual method of draining is to lead the water from 
the bog in ordinary open drains. It is then esBeniial that 
some land near the hog is on a lower level than its bed ; this 
generally occurs. Tl)e levels taken” of the bog and the 
immediately surrounding country show the difterenceof altitude 
between the lowest point of the bed of the hog and that of the 
external land, and the gradient of the line joitiing these two 


* [Cranbern' in N. America arc inundati^d rejrularly wl>t;n tlireatejicd by. 
frost, in order to protect the plants, — 'I’r.j 
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points. This is the line of greatest fall, and should be the 
direction of the i)rmcipal drain. 

It should he noted that a steep gradient is desirable only 
outside the bog ; within the bog the gradient of the drains should 
be less the more water the bog contains. Digging the principal 
drain is commenced at its lowest point outside the bog; it 
often sutlices to continue tliis drain up to the bog, but, as a rule, 
it should be conducted to the lowest point witliin the bog. In 
case a brook runs through the hog it may often b(; used as the 
principal drain after some cutsliave been made in it to improve 
the flow of water. If the bod of the hog slopes down towards a 
neigh])ouring river or brook, this slope affords the best 
gradient for the drainage. If, how(iver, the bog lies in a 
depression surrounded by higher land, it is a question of exiiense 
whether to cut tlirough the latter or construct a tunnel to serve 
as a drain. The dimensions of the main drain depend on 
the gradient and the quantity of \Nater to be removed. It is 
not generally necessary to drain down to the bed of the hog. 
Too broad or deep drains often injuriously dry up the bog and 
are extremely costly both in construction and maintenance. 
Where the drain leaves the bog a simple sluice-gate should be 
constructed in order to retain sufllcient water in the bog during 
winter, lii the case of small bogs and drains, instead of a sluice- 
gate, the inlet into the main drain is blocked in autumn with peat. 

If there is much change of gradient in the bed of a large bog, 
several draining trenches are cut through the latter. It is often 
advisable to cut tliese drains from a certain point in the bog, 
and then lead them outwards in diverging directions, which 
generally cross one another at right angles. 

Whilst generally the main drain is completed once for all, the 
subsidiary drains are dug gradually during the progress of 
removal of the peat. They are generally at right angles to the 
main drains and are iutended to draiji only that portion of the 
bog which is being worked. They are naturally smaller than 
the main drain. 

In the extensive bogs of Holland, Friesland and Bremen the 
main drains serve not only for drainage, but also for the purpose 
of communication by barges and conveyance of the peat ; they 
are frequently 2(5 to 32 feet broad. 
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8. iJraiuH for Cutting of the Water from BoijH, 

There are frequently Kinal I watercourses which run into a bog, 
or waterruns down a slope into it. Jf, then, trendies can bo dug 
80 as to cut ott the water-supply from the bog, they are very 
serviceable as an aid to ordinary drains, but will not sullice alone 
' to drain the bog. 

4 . CoUeetinif-Brains and Tanks. 

A large number of liogs arc supplied with water by inliltration 
from neighbouring watercourses. If, then, the bog lies above 
the level of the water it is possihle to drain it in the ordinary 
manner ; this cannot be done if it is on about the same level 
as the water. Issually more extensive works are then required 
(which are too costly where peat-digging is concerned), in order 
to exclude inundations from the bog, or remove the water from 
collecting drains by means of pumps and hydraulic engines. 
Only when the inlet of water is inconsiderable can water, which 
collects in the drains during the night, he removed by manual 
labour. The construction of a sulliciently large tank near the 
bog to receive the water can )>e undertaken only exceptionally. 

5 . Picrcinif an Inijtenneahle Pan. 

If a bog should rest on a thin bed of loam or clay, below 
which is an impermeable stratum, or pan, of gravel or sand, the 
simplest method of draining it is often to bore or break through 
the pan and tlius allow the water to sink helow it. Jf, however, 
the shaft through the pan is made at the doei)est part of the 
bog its drainage may be too thorough, and thus injuriously 
affect the peat. 

Sbction Y.— Harvesting tub Pkat. 

The removal of the peat may be effected in various ways. A 
distinction is thus made l>etween peat dug by manual labour 
{Stirhtorf). ])eat which is moulded into shape (M<nlrJutrf) and 
peat removed and prepared by machinery {MaHekincnttirf). 

F,U. 3 F 
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1. Peat Dug hy Manual Labour, 

Only fairly compact peat can be dug by means of spades, and 
the pieces, termed turves, are then dried in the sun and by 
exposure to tlie air. The different operations in this case are 
the preliminary works, and digging, drying and storing the 
peat. 


(a) Preliminary Works. 

i. Suhifliarg Drainage, 

After the main drain and the most importantside-drainshave 
been dug, further subsidiary drainage must be done annually. 
This is effected by making a trench a little way from where the 
peat is to be dug, parallel to the line of digLjing and per- 
pendicular to the main drain, so that either the whole or a 
portion of the area to be dug in a year may thus be drained. As 
soon as the season’s digging is over, the junction of each of these 
drains with the main drain is closed in order to keep the bog 
sufficiently moist. 

ii. Laying Out the Line for Digging. 

The area whore the peat is to be extracted in accordance with 
the plan of operations, should then be measured and marked 
out with shallow trenches, so that the workmen may know 
where to dig. 

As a rule, the peat should be dug iu successive years from 
immediately adjoining areas and no wall of peat left standing 
between tbeni, wliich is usually a sign of bad management, 
though sometimes necessary where there is a superfluity of 
water. Each year’s area should consist of a long, narrow strip, 
parallel lengthwise to the subsidiary drain. Such a shape 
allows a number of men to work simultaneously, renders drain- 
age by means of a single trench possible and allows suflScient 
room for drying the turves, which are generally piled on a strip 
of land previously marked out and adjoining the digging trench. 
All vegetation should be cleared from this strip, so that the 
turves may be piled easily and exposed thoroughly to the air. 
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iii. ijaying out Hoads, 

The turves must either be dried on land adjoining the bog, 
or on the l)og itself, and then removed. In both cases, roads 
are necessary, which should be made on tl.e driest part of the 
bog, be as permanent as possible and cross the drams only 
when this is unavoidable, in order to avoid the exj.euse o 
bridges. Roads should be made of fascines and sifted gravel 
whenever they traverse wet ground. If the turves are removed 
in wheelbarrows from the digging-trench to the drymg-ground, 
only a narrow pathway is roipiired. 

iv. Kemoral of W^ooil. 

On many bogs a certain niimbor of trees are growing 
(mountain or Scots pine, abler, birch, etc.), anti ibeir usually 
spreading roots often interfere considerably with the digging, 
^hose trees sliould be felled a year before the turves are dug, 
and their main roots extracted. 


V. Mnnut/muoil (f Ijd/oor. 

Lahourers employed in digging turves should ho divided 
into parties, as in the case of forest work. According to Iho 
metliods employed for digging and drying the turves, tliroo, 
four or even more workmen form a party. 'Hie digging- 
ground is then sub-divided into as many sections as there are 
parties of labourers, provided a certain length is not exce^edod, 
in North Germany usually 2 or h yards (meters), and in boutli 
Germany 4 or more yards, per man. These measured lengths 
are staked out, numbered and distributed among the parties. 


(b) Digging the Turves. 

i. Season. 

It has lieen stated already that peat is damaged by frost, and 
this is the case both with uncut peal and turves. One or two 
degrees below freezing-point is sufficient to do the damage. 
Frozen turves do not shrink after thawing, hut dry the same 

8 F 2 
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size as when frozen; they are, therefore, very porous, form 
inferior fuel, and crumble easily. Digging turves should not 
therefore commence until there is no longer danger from late 
frosts. 

Although it may appear profitable to dig turves during dry 
spring weather, yet experience proves that a single late frost 
will d'limage the turves, so as to nullify all the advantage of 
early work. In countries, therefore, with a mild ^ climate, 
digging turves should he commenced about the beginning of 
May, in mountainous and northern countries, from the middle 
to the end of May. The work should stop early enough to 
allow the turves to dry thoroughly. This depends also on the 
local climate and especially on the humidity of the air. 
Digging turves generally terminates about tbe end of August, 
if the turvciS are dried out of doors. When they are dried 
artificially, the work may continue for a longer period. 


ii. ,SV.-r the. Ttirvi'S. 

The size of the turves depends on the compactness of the 
peat and the time required for drying them. The lighter and 
looser the peat, the better it holds together during digging 
and drying, the more .piickly can the turves be dried and the 
larger ‘they may be. In the vase of black, amorphous peat, 
the turves are smaller than with brown peat. 


iii. [uijflrmrnts. 

All the implements used for digging turves are modifications 

of the uarden Kpadc, . 

The Frisian spade tFig. 3811) is used for digging wticallj , 
the spades (Figs. 390, 891) are used for digging horizontally , 
they have short handles, but very sharp and perfe^ y flat 
blades. The peat-spade (Fig. 390) is in common use. F ig. 391 
is a two-bladed spade with one blade at right angles to the 
othei to order to loosen the turves on both sides at once ; i 

i, in Ito BUin. !'«. »«- .• • .H* 

dig8i.e I'l’V' B*™». *>“• I””* “JS 

Bides with it. Fig. 893 represents a spade used m Nort 
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East Germany to remove the useless BU|>eificial turf and sods 
of earth. A three-proiigod fork rosemhling an ordinary dung- 



Kiif. Ki‘:. Fi.l,'. Fil’ :r.»2 Fit-. 

iiM'd I'lti j>o:tt, 

fork is used generally for ]»ntting the iurv(^s into harrows or 
carts for transport. 

iv. himiimi Tifrnx. 


There are two methods of digging turves, termed respectively 
the horizontal and vertical methods. The former melljod is 
almost universally ein})loyed in Nortli Germany, and is common 
in the Rhenish Provinces and South Germany. The vertical 
method is practised in some Upper Bavarian hogs and in the 
Baltic provinces. In the horizontal method, a workman 
beginning at the top edge of the wall of peat, cuts the vertical 
lines of a turf with the Frisian spade, wliilst another workman 
standing in the trcnclijcuts the turf horizontally and sideways 
from the hank of jwjat. 

In the vertical method, tlie workman slanding on the top 
of the bank of peat cuts each turf free l)y one v(;rtical or 
slightly ohlitpie stroke of the Hi)ade (Fig. 81)1) and tears it off 
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from l>elow, raising it with the same spade on to the bank ol 
turf. As by this method the turf is broken off above and 
below, it has not a regular cubical shApe; control is thus 
rendered more difficult, while there is more refuse from 
crumbling than in the horizontal method. At the same time 
the vertical method is less laborious and cheaper than the 
other. According to the skill of the workmen and the diffi- 
culty of cutting the peat, with horizontal cutting, 3,000 to 
5,000 turves may he cut in a day, and with vertical cutting 
under favourable circumstances (1,000 to 7,000 turves. The 
vertical method is obligatory whenever the hog is in sufficiently 
drained. 

]3efore Ix^ginning to cut the turves the topmost la)^ of soil 
must h(j dug up in sods, as long or double the length of the 
turves, by means of the Frisian spade, or the spado shown in 
Fig. 393 ; iliesi*. sods should he removed from tlui hog in 
wheelbarrows or carts. 

The methods of cutting turves also vary, in the case of 
either horizontal or vertical cutting, according as the peat- 
hank is cut in continuous or alternate strips. 

When the tur\'es are cut in continuous strips, a commence- 
ment is made on the longer side of the area marked out for 
the year’s cutting, and strip after strip of peat is removed until 
the work has been completed. In this case, the work going on 
continuously down to the bed of the bog, there is either a 
vertical bank of peat left, or this hank may be in steps and the 
work proceed by cutting first from the top-most step, then 
from the second step, and so on. In this case the turves are 
removed from the bog as soon as they are cut, so as to leave 
room for the workmen to dig. 

When the turves are cut in alternate strips, they are 
stacked close to the cut, like a wall, the strip on which they 
stand being left uncut and a new strip commenced imme- 
diately beyond it. In this ca.se also, a deep bog cannot be at 
once cut to its full depth, but the work must be done in two 
operations. As soon as the stacked turves are dry and have 
been removed, the work of cutting the intermediate strips is 
undertaken. 

Gutting in alternate strips is cheaper than in continuous 
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strips, as a separate labour force is not then required ifor 
removing the turves to the drying-ground: this method is 
also especially applicable when the bog is wet or insufficiently 
drained, also when it is superficial and can be cut in one 
operation. It has, however, the disadvantage that the turves 
are all from the same level and is not advisable for deep bogs, 

V. Obs/arhs to 

Besides the water, whicli may prevent the cutting going 
down to the hed of the bog, various foreign bodies are im- 
bedded in the peat, forming so many obstjicles to the digging; 
among these are stones, l»eds of sand or marl, roots ami stems 
of trees, etc. Stones are frequently found iii morasses and 
fens; besides inlerrupting the cutting they injure tlie. imple- 
ments. Layers of sand and marl often causes lompornry 
flooding and must lu*- cut through to lei the water pass. 
Imbedded roots and stum})S of trees an* often serious obstncles 
in higli piiat'bogs. ^Vheii tln*se are stumps of resinous 
conifers, they are usually ipiiio umlecomposed* and must be 
removed eompleUly. Large quantities of p((at are Hometimes 
wasted owing to the presence of stumps and long side-roots. 
Superficial roots of birch, alders, etc., in llio ui))mo- layers of a 
bog are not so prejudicial, as they are generally rotten and 
can be severed with a spade. 

Machines have recently been constructed, to replace manual 
labour in cutting turves; one invented by Browowskyf is used 
in North Germany, and cuts turves a to fi yards long and 
2^ X 2| feet in section, even from undrained hogs. These 
large turves are then cut into smaller sizes by manual labour. 


(c) Drying the Turves. 

As much care should be taken in drying as in digging 
turves, for their value as fuel depends greatly on the thorough- 
ness with which they are dried. The air dries the interior of 


• In the hiindsluhl bo|r, near Kaismlautern, there are three IfiyeiHof Heoh» 
pine-stumps separaO**! by )»eat, that yield annually 2S.e»K)( ubie feet of stump- 
wood. They are eonvertetl into lar. 

t Hausdintr- “ Indust, Torfs^ewinnunjr,” p. 2.'>. 
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turves better than solar heat, which quickly hardens their 
surface hut leaves them still wet internally. Turves may be 
dried either out of doors, or under cover. 

i. Dtywf) 7'urres out of l)nors. 

The drying-ground is either on the bog itself, or on an 
adjoining jdot when the latter is too wet; as already stated, it 
should be prepared before digging the peat. I'lie turves are 
stacked in various ways, according to the space available for 



Kijr, ir.M. Fi;r 
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drying them, their comparative wetness and rate of drying, 
and the available labour-force ; in order to dry them properly, 
however, they should always be turned over several times. 

As soon as they are cut, the turves are removed usually by 
the workmen, either in wheelbarrows, or by the men forming 
a chain and passing them from hand to hand. They are then 
placed singly and on their edge, like bricks, at short intervals, 
or piled in little stacks of five turves each (Fig, 394) ; or as 
in Fig. 895 round a stake, up to a height of 3 to feet, a 
method usual in Swabia and around Lake Constance ; or, as 
in some parts of Austria, stakes are driven into the ground 
with 9 or 10 pointed transverse sticks attached crosswise to 
their ends, on which the turves are impaled. After a pre- 
liminary drying, the turves are turned over once or several 
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times, tlie lowest ones being brought to the top of the stack, 
and vice versa. 

As explained already, when s]>acc is limited, tlie turves are 
dried first on the top of the bank of peat, which is cut in 
alternate strips. It is evident that the turves when stacked 
for drying do not dry so quickly or thorougiily as when placed 
singly on the ground. The lower turves must therefore be 
furth(‘.r dried on the drving-groiuid, and for this purposij uuiy 
be placed in circular rings of 5 or i\ turves on tlu'. ground, 
over which I, <» or 8 rings are placed, the s[)aee betw(‘on two 
turv(‘H in a lower ring being eovere<l i)y a turf in Iho ring 
above it. 

When the turves are dried thoroughly -lor which l,d or 10 
weeks are required, according to the weather, mode of dr\ing 
and quality of tho p«'al -if they are to he at once sold a.nd 
removed, they an' ])il(‘d in the usual rectangular or conical 
sale-stacks, each containing 1,000 turves, or else in stacks 
similar to those ummI for tirewood. 

ii, Ihifiiuf (iivit'i ('orcr. 

Sheds for drying turves are similar to those used for bricks, 
hi'ing very long and narrow and formed of laths, \vhi(*h are 
covered with a light roof, and in which the turves are stacked 
one a])ovfi the other. These sht'ds offer the great advantage 
that the drying process is independent of iho wc'ather, but 
they are too expensive for general uh('. 

1 trying, however, is conducted in sheds, much more rapidly 
and thoroughly than in the open air, o))servations at Waid- 
moos having shown, that in four weeks, turves thus dried 
lost about 20 per cent, more moisture than in the open. 

iii. Shriuht>}e. 

From 70 to 90 per cent, of the weight of freshly-cut turves 
is water ; most of this is lost in drying, hiit air-dried turves 
still contain 20 to 80 percent, of water. Jn passing to the 
air-dried condition, turves .shrink considerably, the niorfi so 
the betler their quality. 

Borne peats lose TO to 7*7 per cent, of their volume by 
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Bhrinlsage, bo tbat a volume of 100 cubic feet of wet pjai 
becomes only 26 to 30 cubic feet when dried. Fibrous peat, on 
tbe other hand, does not shrink much, but loses much more in 
weight than good peat, weighing frequently only one-fifth, or 
even less, of its weight- when freshly cut. 

(d) Storage of Turves.-- -The turves cannot always he sold 
and removed at once, hut sometitnes must be stored through the 
winter. This is done either in the open, or in covered stacks. 

The cheapest method is to pile the turves in stacks, either 
conical or prismatic, and sloping at the top. lurves which 
are not thoroughly dried, may, however, be spoiled in this 
way. The stiicbs should be erected in a dry and somewhat 
elevated place and piled carefully. 

The turv(‘H arc^ protected frimi damage much better wdien the 
stuclis are tbatebod. Straw, reeds, spruco-branches or bracken 
will serve the purpose; better still, a light plank roof 
supported by four posts may be erected with a slope towards 
the rainy quarter, or the turves may bo placed as follows —in 
the centre of a cleared space a strong stake is driven vertically 
into the ground, and billets placed radiating in a circle from 
the stake (as in the base of an Alpine charcoal-kiln) and 
covered with planks ; the turves are then piled on this floor in 
a truncated cone thatched with straw. From these thatched 
stacks the turves can bo taken during winter according to 
requirements, this can be done from uncovered stacks only at 

the risk of spoiling them. ^ . . i i. 

Whenever the value of turves is sufficiently high, it is best 
to store them in sheds, which should have their greatest 
, length perpendicular to the direction of the prevalent wind, 
and be lightly built of planks or laths, so that the wind 
may blow through them, the rain being kept out by a roof. 

2. Moulded Peat, 

Bonio peat is not sufficiently compact to be cut into turves, 
but must Imj moulded. This is the case with bogs containing 
much imbedded wood, or so dry that the i>eat crumbles into 
dust, or so wet that the peat must he dredged ; also where the 
■ peat is only ordinarily moist, but cannot be out into turves 
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owing to the presence o! numerous undecomposed roots. In 
ordinary peat-bogs, however, where turves are cut, there is 
always a large percentage of waste peat resulting from the 
digging, drying or transport of the turves, which can he 
utilized only by moulding it. This waste frtuiuently amounts 
to a fifth or a quarter of the annual yield of peat, so that some 
turf should be moulded in every moor, and not only whore 
all the peat is moulded. 

. The different works in question are -preparing the peat, 
and moulding and drying the turves. 

(a) Preparing the Peat.— I’eat whiidi is lo he moulded 
should form a homogeneous imiss, eonlaining a suitahlo 
amount of water, and capahh', of being knemhul. If the peat 
is naturally powdery and dry, it should lu' mixed with water in 
a pit, or in a woodf'ii bin with holes in ils base ; if it is muddy 
peat with a superlluiiy of water, it must lx* dredged out of the 
hog with a liollow shovel or in a purse-net, and poured into 
the bin or on straw laid on the ground, so tliat the super- 

. fiuous water may drain away. In whalevc'r way it is collecied, 
the mixed peat and waitu' iinist now lx; thoroughly kneaded 
and worked together until iliey form a fairly homogemx)us mass. 
This is geiKiVally done by nuai trampling on il with hare fe(‘t 
or with Hat clogs, less freijUtailly with the help of hoe or spado. 

When the peat is of tlie ordinary consistency and moisture, 
the workmen place planks in the trench in front of the hank 
of peat, and cut the peat away from tlu^ hank w'ith a sharp 
cutting mattock, letting it fall on the planks, and watering it 
sufficiently by means of wooden buckets. In Holland and 
several places in North Germany (esp('.cially Hanover), the 
peat-pulp is left alone to dry for a few days, and then again 
kneaded. In South Germany, it is moulded while still very 
wet, the second operation being omitted. 

(b) Moulding the Turves. — The turves should he moulded 
at a place close to where the peat has been dried. If this is at 
any great distance from the l»ank of peat, the peat-pulp is 
removed in baskets or bins which are jdaced o)i wheelbarrows ; 
it is then thrcjwn on to straw or planks, and is either cut or 
moulded into sliape, the moulds containing several compart- 
ments or being similar to those used for hrickmaking. 
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Peat-puip is cut into shape in Holland, Friesland or 
Hanover, being spread out in layers, often half an acre in 
extent, and beaten flat with flat wooden shoes, planks or 
shovels. The pulp is allowed to lie for several days, and when 
Bulfieiently dry and consolidated it is cut with sabre-like 
blades, or sharp spades, in parallel strips as broad as the 
turves are long. After a few more days’ exposure, these strips 
are cut into turves. 

AVluiii on account of its watery condition, tlie jieat-pulp is 
collected in perforated bins, in wliich it is worked up, it is 
moulded into turves by means of wooden frames without 
bases ; these are placed on the ground or on a bench, and the 
pulp pounal into them. Its surface is levelled by means of a 
board which is also pressed down on the pulp in the frame to 
expel the watcw. 

Moulds of several compartments are composed ot rcct- 
angular woodim frames open above and below, and divided 
into 1(1, ‘2H, dd or more, comparlnumts, each the size of a Inrf. 

A mould is then placed on a bench, or on a substratum of 
straw, reeds, etc. ; the peat-imlp is poured into its compart- 
nieiits with a shovel, pressed down, and the mould is then 
removed. In order that the turves may not stick to the sides 
of the comparlnienls, they arc lined with tin, or the.ii bases 
art) somewhat wider tliaii their tops. 

Simple moulds resiuiihliug those used in brickmaking are 
used by a workman standing before a bench, often made of 
cast-iron, on which the mould is jdaced. The mould is of 
wood, open at top and base, its interior the size of a tnrf and 
generally lined with tin. The workman from a heap of iieat- 
pulp oiihis bench, takes sufficient with both hands to fill the 
mould, strikes off the superflons peat with a board, the size of 
the base of the mould ; he then places the board over the 
mould, turns the latter over, raises it and leaves the turf 
resting on the board. A second workman takes the board 
and turf to the drying-ground, and brings hack the hoard. In 
the meantime the former workman continues to make turves 
with the mould and other boards. 

Exiieriencc sliows that a simple mould is at least as 
expeditious as a imiltiple one, a man, with a boy to remove the 
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turves, preparing 1,000 to 1,500 turves in a day. As, more- 
over, the peat-pulp passes again through the workman’s hand, 
and all foreign matter can thus be removed, the turves in that ^ 
case are more uniform and free from extraneous matter, and 
as the peat is not poured but pressed into tlie mould, the 
turves are denser than in the former metliod. 

(c) Drying Moulded Turves. — Moulded turves must be 
dried more gradually and carefully than those tliat ani cut 
directly from the bog. Wlien ])eat-pulp is cut, (he turves are 
left to dry for a few days, and then turned on to tlieir iiai row 
sides ; then tliey are piled generally in su[>eri)osed rings (as 
described above, p. 808). They must be turned again once or 
twice, according to the state of the weather and are stacked 
when completely dried. Moulded turves geiU'rally dry more 
quickly than cut turves, e^i)ecially when they jire moulded 
like bricks and dried like ordinary turves. 

When the peat is very waituy and moulds of several com- 
partments us(hI, it is better, after the preliminary drying on 
the ground (which is not required for hrick-inouKhal turves) to 
place the turves under cover, as they cannot withstand pro- 
longed rain. Turves made in inultijde moulds may be 
destroyed entiiady by rain, so that this method can he adopted 
only in line weather. 

(d) Quality. — Moulded turves alTord a better fuel generally 
than cut turves, in ratios of 5 : 8 or 5 : *1. This is duo to 
their gnuihu’ homogeneity, the removal of (‘xti’aneous matter, 
greater density and the use of amorphous peat, which is often 
wasted when the turves are cut from the hog. 

3. M(tniifa<‘tuir<l Vent* 

Manufactured peat is so prepared as to be capable of 
competing with otheT fuels in the market. 

Turves cut from hogs or moulded ]>y hand will not bear 
distant transport, firstly, on account of their large volume 
compared with their value as fuel, ami secondly, on account 
of their hrittleness and property of a])sor]>ing much moisture 

• An uitevestiii;/- jM, ai ni.innl.iclurwl at scliiHwiiriul in W'urtem- 
berg, is given in ’* Haut’s Uoiitralblati," iss], ss. 
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in damp air and of falling to pieces when frozen. These 
turves are, therefore, saleable only in the immediate neigh- 
bourhood of the bog ; the price obtained for them, being low, 
does not encourage an extensive working of the bog. Owing to 
the high price of fuel which i)revailod a few decades ago, the large 
demands for industrial purposes and the extensive supplies of 
peat available in certain districts, the question arose as to 
whether peat might not be so improved by machinery as to 
yield a fuel approaching coal in value. Owing to the subse- 
quent depression in the price of fuel, the demand for manu- 
factured peat has somewhat abated, hut the industry is still 
carried on in many place's. 

In order that manufactured peat may compete with coal and 
wood, it must be utilizahle for ht‘ating boilers, preparing gas 
and paraflin, in metallurgy, etc., and should fuliil the 
following conditions : — 

Density.— The turves must not merely be dense super- 
ficially, nor so dense at the surface that the air cannot reach 
their interior, but be uniformly dense throughout. 

Compactness. — The turves must he compact enough not 
only to retain tludr shape during transport, but also while 
being burned. 

High oombnstible power. — During manufacture, tlie most 
combustible parts of the peat must he carefully preserved, 
especially the amorphous peat. 

Dryness. — Tlie peat must be dried thoroughly, not only 
superlicially, hut also internally ; it should, as far as possible, 
lose its great hygroscoi)icity and not swell coTisiderably when 
exposed to damp and thus become unserviceable. 

Quantity. — The manufacture must be so conducted as to 
yield large quantities of material and be indepeudent of the 
weather. 

The cost of production, including that of supervision, must 
be sufficiently low to allo^v the material to compete with other 
combustibles. 

The following methods have been undertaken to secure the 
above conditions : — contraction, dry pressure, wet pressure 
and destruction of structure, with or without pressure. 

' All these methods are, however, too costly to repay the 
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expense unless the price of fuel is as high as during the 
‘forties of this century. Several of thebc ineihocis have fallen 
into disuse, whilst others have been adopted. The fonner 
will, therefore, only be shortly considered, inoro attention 
being given to those still in vogue. 

(a) Contraction. — Challeton at Paris, and Kay tit Neuchatel 
adopted the following method of increasing the density of 
peat. Tlie turves were cut from a hog, brought to the factory 
and then cut to pieces by a system of rollers with blades fixed 
on them ; the material was then treated with running water 
so as to form a thin pulp, which ran over fine sieves in order 
to remove all coarse libres. This line pulp is then led in 
canals to a trench one to two feet deep, the hoitoiu of which is 
covered with* reeds or nislu^s. In this Ireiich tlio pulj) s(;ts 
firmly, the water draining oil through tho reeds, and after 
few days it can la*- cut into turves by means of a wooden 
lattice-frame as brofid as the trench, which is })ressed down on 
the peat. 

The specific weiglit of Challeton’s peat, according to Schenk, 
I'l to P2, and to Dullo 1*8, is etpial to that of coal. But it 
is not suilahle for fuel, as it hums lik<5 charcoal, without any 
flame, the turves also fall to pieces in tlio fire and block up 
the grate. 

{}>) Dry pressure.— In this case the peat is subdivided as 
finely as possible, thoroughly dried and pressed into turves. 
■Jhe experiments of Kxter made a few years ago at Haspol- 
moor, near Munich, and some other })laces, give tlie best 
known results of this method. The hog was superficially 
ploughed by a 6teara-i)lough, All the refuse peat was finely 
subdivided, dried and conveyed to the factory. It was then 
sifted and thoroughly dried in a specijilly designed hot-air 
chamber, whicli it left with only 10 per cent, of moisture, and 
was then converted into turves by a powerful ju’ess. 

This product, however, did not answer the purpose intended, 
as it fell into dust while burning, and was scarcely superior, 
as fuel, to the best ordinary turves. 

(c) Wet pressure. — Owing to the obvious advantage result- 
ing from pressing the wet peat, and thus increasing its density, 
and at the same time its compactness, more attempts have 
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been made in this direction than in any other. No attempt, 
however, to preHs raw peat has succeeded, partly on account of 
the fibrous nature of the peat, which caused it to swell again 
after the pressure had been removed, and partly because the 
valuable buiiiuH-carbon escaped with the water, and thus the 
product deteriorated as a combustible. Other kinds of pressed 
turves were too dense externally, and their intei'ior either did 
not burn well or else retained too much moisture. 

(d) Destruction of the Structure of the Peat, with or 
without Pressure. — It is now evorywijcre recognised that 
the structure of the peat must be destroyed before the turves 
are formed, and that, only a moderate pressure, if any at all, 
is advisable. The apparatus of Schlickeyscn and Oeysser, 
Gratjahn and L’elau, ^lecke and Hander, AVcber and Matl'ei, 
are tlioso host known for this method. 

(i.) Method of Schlickeysen^ and Geysser.— A vortical axle 
is inovoablo by steani-i)ow(n* in a vertical, liollow, cast-iron 
vessel, with a funnel-sliai>ed lop. On the axle are six sharp 
horizontal knives, fitted to it like the thread of a screw, while 
six corresponding knives are on the walls of the vessel. There 
is also a moveable base, wliich is attached to tlui axle and rests 
on the real base of the vessel, and immediately above it are 
two holes on opposite sides of the vessel through which the 
prepared peat passes. The ixait placed in the vessel while 
the axle is in motion is cut into shreds by the knives, which 
also cut through all pieces of roots; it is at the same tim^ 
pressed slightly downwards by their screw-like action, and 
finally i)asHes out tlirough the holes in a round rope-like mass 
of stiff paste. This runs out continually on to a bench, and is 
cut into pieces and dried. 

Although no water is added to that originally in the peat, 
the latter is quite j)Uisiic. The fresh turves are moderately 
dense ; though covered superficially with a smooth gelatinous 
coating they are yet capable of being dried easily and 
thoroughly. There is no loss of humous-carbon, which during 
the macerating process becomes attaclual to tlie walls of the 
vessel and issues from it as a glazed coating to the turf. In 
twelve hours, 15,(K)0 turves, each a foot long, can be cut from 

* Ijco, ” U«e Komi»re.<siiun Tt>rfoK.'’ 



MANUFACTURE!) PEAT. 


81 r 

each Bide of the vessel, and in favourable weather they dry 
rapidly with a considerable shrinkage. This turf can be used 
not only as ordinary fuel, but also in the manufacture of glass 
and porcelain, it must then be dried in kilns. Gt/snir has 
invented hand-machines of a similar description to the above, 
as represented in Figs. 896 and 897, and capable of turning 
out 2,500 to 8,000 turves in a day. These hand-machines 
have the advantage over that of Bchlitikeysen, of saving the 
transport of the wet peat, besides saving fuel, and cun bo 



Fig, aiMl. — fiyssoi 's riiiK’hiiK* for ’^ocliou 

jireRsiiig peat. 

worked on the bog ; at the same time, they are not applicable 
in the case of very fibrous peat, or where there are many roots. 
Gysser dried the peat in an excellent manner in [>ortalde 
drying sheds, consisting of frames like liurdles placed one 
above the other, and covered with a roof. 

(ii.) Method of Grotjahn-Peau.— Figs. 898 and 899 show 
the machinery constructed by G. Krauss & Co., of Munich. 

The elevator a h (Fig. 398) raises the irregularly shaped 
pieces of peat to h, where they fall into a bin c, and hence 
into the horizontal macerating machine, the interior of which 
is shown in Fig. 899. This is of somewhat similar construc- 
tion to Schlickeysen's vessel containing a moveable axle with 
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revolving knives. The peat is thus finely subdivided, uni- 
formly mixed together, and finally issues through the orifice h 
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issuing part into turves with a sharp instrument. The elevator 
and macerating cylinder are driven by a locomobile m, and they 
both stand on a frame .1 i?, w’hich can be moved by means 
of small w'heels along a tramway as the digging-ground 
advances. The plank d is taken with the turves on it to 
the drying-ground, and turned over carefully, and then 
brought back to the machine. This mod(‘ of preparing 
turves hiis been employed extensively, both in North and 
Soutli Germany. 

(iii.) Meeke and Sanders, of Oldenburg, have constructcul 
a machine consisting of a long steel girdtu* (30 metres) A B 





(Fig. 100) resting on a car W and a wheel /y which lani on rails 
or hoards parallel to the peat-cutting (\ and placed at a proper 
distance from it. n a is the macliine for cutting the p(aii, and 
can be placed higher or lower, according to tlui depth of the 
cutting. It is seif-rognlating to avoid impedin)f3ntH in the 
peat, roots, etc,, and cuts the jxjat with the saw teeth of 
a dredger, in thin vertical strips. The turf is eh^vatod hy an 
endless chain, attached to the dredging sections, into the 
mixing apparatus h. The latter is an iron cylinder containing 
two rotating axles provided with a projecting screw', which 
mix up uniformly all the turf coming from different depths^ 
and press the homogeneous peaty paste through a wide open- 
ing on to the distributing apparatus rer. The distributing 
apparatus consists of a chain stretched over two rollers, m «, 

3 G 2 
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and bearing successive flat pieces of wood, 20 inches long and 
6 inches broad, through which passes a slowly moving flat chain 
supported by rollers. I’his chain takes up the peat-paste, and a 
car (fi), like a snow-plough, throws it down uniformly on to the 
drying platform x y. The drying platform is made of sods of 
grass well-levelled and serves as a filter by absorbing the 
^water from the paste, so that the latter dries rapidly (even in 
rainy weather in 24 hours). The paste is pressed flat by 
the workmen with planks on their feet, and cut up into 
turves. 

The machinery is driven by steam-power, and 100,000 turves 
are prepared daily on a peat-moor at Oldenburg. Rain is no 
impediment. 

(iv.) The Weber-Mattei method is employed at Staltach in 
South Bavaria. This long-a])provtMl method macerates the peat, 
mixes it uniformly, imt forms it into turves by hand. The 
peat dug from the moor is conveyed to the factory in waggons. 
It is then raisisd by elevators on to a platform and throw'n 
into the macerating machine, which is an improvement on 
Schlickeysen’s machine. At Staltach, it consists of four long 
buildings forming a square, three of which are the air-drying 
sheds and the fourth a hot-diying shed. The air-drying shed 
is made of posts supporting a strong roof and provided with a 
succession of horizontal trays 18 inches apart. A tramway 
passes through the middle of the sheds, by which the peat 
paste is brought in. The workman places a plank on the 
lowest tray, presses on it a mould of 7 cells, kneads in the 
paste, lifts up the mould and places it close to the 7 turves, 
and continues to make turves till the first plank is covered 
with them. Then he proceeds in a similar way with the next 
tray, and so on till the shed is full. After the turves have 
remained 8 or 4 days under cover they acquire a consistency 
like leather, but are still porous enough to part with their 
interior moisture. They are turned over, placed on their ends 
and dried gradually till they contain only 25 per cent, of water, 
being then suitable for fuel. If they are to be charred, the 
"air-dried turves are placed for some time in the hot drying-shed 
and lose another 15 per cent, of water. 

(v.) Siohorn’s Method differs from the preceding ones, 
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and IS employed at Aibling, near Rosenheim ; the product is in 
balls. The macerated peat is mixed gradually bv a horizontal 
cylinder with an archimidean screw. The balls of poat 
descend by a slide to the drying-chamber, which contains a 
number of heated tubes, down which the hails descend on 
spirals. 

Some progress has certainly been made in the quality of 
machine-made turf. Hausding* states that, air-dried machine- 
turf, with at most 10 per cent, of ash, has fjrds the heating 
power of superior coal, so that one cwt. of machine- turf is 
equivalent to J to ^ cwt. of coal, whilst ordinary turves are 
equivalent to only J to J cwt. of coal. 

It may Ijere be noted that several attempts also have been 
made to carbonise peat and produce p(>.a( -charcoal in onhu* to 
increase its marliet value as a fuel. 


1 . l*eui-lAUe)\\ 


Peat is not used for many other juirposes besides fuel. Its 
use, howev(U-, for stable litter is increasing in importance, and 
is es2)ecially noticealde here, as tliere is a hope that by tliis 
means the disastrous use of forest litter may he stopped. 

Peat forms a much better stahh; litter than either forest litter 
or straw, for it iH+ 8 to 5 times as absorptive of lluids as the 
latter, and tlius })reveniH any waste of animal niauuro, either 
in the form of urine or ammonia. The humic acid in peat 
also acts beneficially on the salts, alkalis and [ilkaliue earths 
of the soil. Peat also improves the soil physically more than 
other litter, retaining moisture in loose soil, loosening binding 
soil and especially in promoting }>orosity. Its capacity for 


* (5^., P- "20. 

■f Vide I)j‘. Fiir.sf, Die Torfstreii,” 1S!>2 ; hIm) UiivrinuM “Torfsticu uiid 
Mullwerk,” n)U‘<|>elii)fM)r. MendJe, “ Die Torfslirn,” IHK2. 

I According to expcrinicut« miule by Wullny, CIus-sou und I'etenuanii, the 
following are the absorptive cajiacities uf different Bubstanres. 


Spruce-needles ... 
Swta pine needles 
Oak dead leaves 
Beech „ 
Wood-wool 
Rye straw 


of 

WeiKtil. 

i 

iVrfiTitaKfl of 


Wrtiuht. 

ltd ; 

Mohs ... 

400 

207 1 

Spruce saw-duHf 

440 

242 1 

Haspelfixsn- peat-litter 

G.’iC 

2r»7 

Oldenburg peat 

tJoU 

2K.’>to440 

Has|>dmfn>r prepared 


304 ! 

}>eat-meal 

6.00 
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heating the soil has been shown clearly in vineyards. The air 
in stables in which peat-litter is used is free from ammonia 
and is thus made healthy ; the beasts have a dry, soft bedding, 
the litter is also preferable to other kinds for horses, cattle, 
sheep, pigs or poultry. Peat also is used in the dry-earth closet 
system. Only loose-textured, mossy or fibrous peat, forming 
the superficial layer of bogs, is used for litter. In some bogs 
layers of the fibrous peat and amorphous black peat alternate ; 
preparation of peat for find and litter should then proceed 



up pe.'it. pfat-Jitter. 

simultaneously. The i)eat should be dried and then finely 
subdivid d in a peat-mill (Fig. 401) and pressed into a. rectan- 
gular bales weighing 2 to 3 cwt. each. [Such bales of peat- 
litter are now imported largely from Holland into London, for 
omnibus and tramway stables. — Tr,] 

Machines have been constructed for subdividing peat, the 
commonest of which are represented in Figs. 401, 402, the latter 
being termed the peat-mill. The subdivided peat falls from the 
machines on to a wire sieve, which separates the powdery from 
the fibrous peat. The former is used in dry-earth closets. In 
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order to preserve the bales during transport, pieces of undivided 
peat and laths are placed along their edges. About 70 or BO 
bales can be carried by an ordinary railway tiMick. 

Peat-charcoal* is prepared by charring peat in retorts, or 
kilns. This product resembles lignite in beating-power. 
Wlien prepared at Christiana! by electricity, in retorts, it con- 
tains 79 per cent, of carbon. 

Dry distillation of peat J yields: charcoal 00 to B5 percamt. 
tar 4 to 5 per cent., tar-water 38 to 4*2 per cent., gas 25 to 28 
per cent. : from the tar, creosote and paralVm are niad(5 ; from 
tar-water, metbyl-aleoliol, ainmoniuni siilpbaie and ac<‘,iic acid. 
Only peat dried to 25 per cent, of water is utiliza,bl(‘,. 

Artificial wood made of peat is rt-ferred to (|>. 52f)). In 
“ Dingier s rolytechnical .lournal,” a r(;port is made of 

briquets of peat with only 1 to 3 lua* cent, of ash, and as valu- 
able as lignite. 


* Mullei. Dlf 'Joifvcikolilinm.' Is7l Kkcluii<l. 
Kulik' au> I’.M-tmtoil.'’ 

+ ' IVrsrli, “ iMt' \ (‘I wcilun'-’ Ui'h ‘ 


* Dh' llcisti lliiji;’ knini)l'i- 
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CHAPTER V. 

LESS IMPOKTANT MINOR PRODUCE. 

The most important items of minor produce have been dealt 
with in tlie preceding chapters, but there are various other 
products of the forest soil, which are more or less useful. 
Most of these are leased by area, either of the whole forest or 
certain parts of it ; permission is given to collect others 
gratis. Not nnfreqiumtly, however, it should lirst he decided 
whether iitili/ation will he injurious to the game in the forest, 
for permission given to persons to wander all over a forest in 
search of petty products may give rise often to irregularities. 
Tlie following items of produce will he referred to : — 

Grass-seeds. Mosses. Edible Fruits. 

Herbage for various Edible Fungi. Other Products. 

Industrial Purposes. 


1. Grass-ffci’ih* 

• The frequently abundant growth of grass on clear-cuttings, 
forest-roads and other places has been described already, 
nearly all the species of grass occurring that are found in 
pastures. As meadow-grasses are cut for hay when in full 
blossom, meadows do not afford grass-seed ; but in forests, 
grasses may be allowed to ripen their fruit and thus afford a 
useful agricultural i)roduct. The collection of grass-seeds is at 
present in many forests a matter of importance, employs many 
people and yields a fair revenue. 

The species, which, as good meadow-grasses, are chiefly 
in demand for seed, may be classified as gregarious, light- 

* G. Hotbc, “SameUi Her Graasanieu in Hen Waldungen,” Stuttgart, 1875, * 
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ddmanding or shade-bearing grasses, and are included in the 
iollowing list 

G rega ri ous G r asses, 

Fiorin-grass . . Agrosiis alba, L. ; var. 

stoloniferaj L. 

„ . . Agrostis alba, L, : var. vid~ 

garisj With. 

Bent-grass . . . eaitina, L. 

Meadow foxtail . . Alopeeiirus ])rateusis, L. 

Upright broine . . Bromiis ereetns, lliuls. 

Meadow fescue . . Festuca elatiorj L. : var. 

amnduHieea, Schrt^h. 

,, . . Festuea rlat 'atr, L. : var. 

fnatensis^ lluds. 

,, . . Festuea rubra, 1j. 

Yorkshire fog . . Jlalms lauatus, L. 

rereniiial rye-grass . Lohuui jtereuue, L. 

Italian rye-grass^ . ,> <> • var. 

italieuin, A. Br. 

Meadow poa . . praleusis, L. 

Tiinotliy-grass . . Pbleum prateuse, P. 

etc,, etc. 

Jdgb i-dema)t(Jiug G rasses. 

Grey aira . . . Aira eanesrensyh. 

Yellow oat-grass . . An’na Jlareseens,Jj. 

Perennial oat-grass . Arena pratevsis.lj. 

„ . . n » : var. 

pubesrenH, Huds. 

Common quake-grass . Briza mediae L. 

Field brorae . . Bravnis armisis, L. : var. 

niallis, L. 

Crested dog’s-tail grass Cgmmmis cristahiSf L. 
etc., etc. 

♦ A vaiiety probably raised by cultivation from British graas-see^l, but now 
mucb imjKjrtcd from the ("ontineut, Bentbuiu A Hooker, 
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Shade -hearing Grasses, 


Vernal ^rasH 
Tufted aira . 
Wavy aira . 

Tall brorae . 
Sheep’s fescue 
I^eed fescue . 

Soft holcus . 
S])readin*^^ iniliuu: 
Wood poa . 


. uinthoxantlnwi odoratmn, L. 
. Ah'a CiP.spiiosa^ L. 

. Aira ffexiiosa, L. 

. ]^ro)ni(s giganteus, L. 

. Festuea orina, L. 

. Festuea syJratiea^ Vill. 

. IloU IS woUis, L. 

MiHinn eff'usinUf L. 

. l*<)a iiemoralis, L. 

etc., etc. 


When th(^ si'od is riiu‘ (which for most trasses is in the latter 
half of JuiKi or July, and for others, in Auf:fUHt and Sei)teinher) 
the colhfctors walk in lines ihron^h extensive grassy areas, grasp 
a handfiil of spikeUds, cut them off and place them in a hag 
Bhuig in front, which is (unptied from time to t ime on to a large 
cloth spread out on the mairest road. Th(^ spikfjlebs are then 
put into sacks for removal and again spread out in sunny places 
to dry, threshed and sifhid. The chief points ani to collect only 
one species at a time and avoid (mtirely se(;d of had Hp(ici(}S ; in 
his own interest the forest- owner should pay attention to this. 

The rcivenue from tlu^ collection of grass-seed is sometimes 
considerahle. In thc^ State forests of tlu‘ Grand Duchy of Hessse 
the reve.niu's thus obtained in IHTJIaiid 1H7 J were respectively 
I'hIVl and This covered from oiui quarter to one-sixth 

of the cost of r('-stocking tin* annual felling-areas. . In 1B7H 
50 acres of felling-area in tin* Forest of Stockstadt, near 
Aschaffenhurg,W(n*e leased for this purpose in one year for .4*81. 
Forstmeister ['rich, at Buddingen, sows Poa nemoralis in beech 
felling-areas and on clear-cut areas, in order to produce a crop of 
valuable grass-seed. The seed of Milium elf'imm (common in 
Britain) is used as bird-seed. 


2. Jli'rbage used for ]’arious Purposes, 

Among herbage used for industrial purposes, other than those 
already described, Car ex hrizoides chietly deserves mention ; it 
is used instead of horsehair for stuffing furnitmre, etc. This 
sedge is found in Germany on the damp, rich, loamy soil of 
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somewhat open spruce forest, also in coppice and coppice-wiih- 
standards of ash, alder, aspen, etc., where it grows in tufts 
between the overshadiiig coppice-shoots and thrives in places 
sheltered from late frosts. The longer and softer the leaves, the 
more valuable the product. The sedge is lull-grown by the 
end of June, and may be plucked from then till October ; it is 
dried partially by spreading it on sunny roads, and then ))rought 
in and twisted by means of simple machines into plaits. Tt is 
collected extensively in the Badtai libine valley, wberti 5 cwt. of 
the grass per acre form a fair crop. The }ield may, liow(!ver, 
under favourable conditions, amount to 11 or 10 cwt. p<u- acre ; 
150 pounds of dry sedg(^ yi(dd I'Jo pounds of })]aits, worth 
4«. to ().s*. per cwt. 

In the Grand Duchy of I laden at least ‘2.000 tons of sedg(‘ 
(worth over ,£12,500) are collected annually. In 1872, 1 he town 
of Friluirg obtaimul £1,287 for s(‘dg(' nunoved frojii its fon^st; 
and otlier towns, £712 and £810. In 187d, sevtM'al communes 
in Baden olitained JiO.v. to OOx. p(‘r acre for the se(lg(‘. Mon^ 
recently tlu* demand has somewhat lt'ssem‘d, owing to tbesul)- 
stituiion of i'rhi (lilamenls from a palm, Chanu^rnjm 

humilin) as stulling for fundi ure, also of coUoii froiu species of 
Bombax (India). 

A grass ^v/'s/aVfw/) growing in damp forests and 

usually matur(‘ in SepiemlHU’, is also ustal as siullijig material. 

A loose, spongy tissmi is used under the minui of wood-wool, 
that is said to be ]n'(;pare(l from pine needles and served as a 
substitute, for cotton and sea-grass, 'riie material sent to Mayr 
(prepared by boiling in waka- and wcaik alkaline solutions) is 
not made of pine needles, but of se,a-grasH ; b^r the mace- 
rated woody bundles are 10 to ‘25 c.m. long ami woven with 
very fine cotton-fibres into a softgreeiush, or grey loose tissue ; 
the shorter pieces may be fibres from pine-needles. 

[The chair-factories at High Wycomlx^ Ixxsides horsehair use 
Alva, as stuffing material ; * this product is the dried leaves of 

• [Oomniutiicatwi by Mr. (ibaiistor, W’yonntK’. flu: plant bciii;' iilijntificil 

by Marehall*W’ar<i. 

Mr. Isaacs of Mark Lane, states that ulva >s imjrfuteU by the U>u, in presseti 
bales, from Ibilland. France, and Gcimany. at prices varying from -C'A ITif. to 
€9 per ton of 20 bales. It is ihowchI in the .sea. as if draggcrl out. it is not cu’-ly 
and spongy or suitable for siulliug chairs, Ac. Aim) umd by florists. — Tr. j 
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ZoBtera marina belonging to the Nat. Order Naiadea and termed 
grass- wrack by Hooker. It is abundant, at or below low- water 
mark around the British Isles, on sandy or muddy edges of 
the sea and is often thrown up in large quantities by the 
tide.— Tr.] 

Rushes are used chiefly as packing-material for bottles of 
superior wine, and for the seats of chairs. Share-grass 
{Equinctiim) is used for polishing furniture, and is largely 
exported from Germany, to Greece, Turkey, and Hungary. 


2. Mosses, 

Poli/trichum commaar, a moss often growing a foot high in 
wot places, is used for making brushes that are fashionable in 
France, the mahirial chiefly coming from Germany. The 
moss is cut in the forest, tied in thin bundles and steeped like 
flax; it is rolled on ribbed planks, again heated to render 
it pliable, and is then ready for use for weavers’-brushes, 
scrubbing-brushes, carpet-brushes, etc. The roots of the 
common crowherry (Knr}>etrnm nvjrum. L.) and of Pohftrlchnm 
fommune and P, Htmujerum also are used for brushes, velvet 
brushes being made from the latter in llhenish Prussia. 

Tamarisk-moss {Jfypnum tamuriseinum) is largely used in 
the manufacture of artificial flowers, Hifjnuim spleudens being 
less valuable. Tamarisk-moss is found chiefly in beech forests, 
and the other moss among conifers; they are collected in 
summer, kept dry under cover, and during winter the^separate 
fronds are cleaned, pressed between leaves of paper, sorted, 
dyed and packed.* Sphagnum-moss also is used for the 
transport of living plants, klosses are gathered by hand, with 
or without permits, 

3. Kdihle Futiffi, 

The truffle (Tnher vielanosponim) is the most valuable of 
edible fungi ; it is found chiefly in oak, hornbeam, hazel, beech 
and ash forests, its mycelium being parasitic on the roots of 
the trees, a few centimeters underground, in damp, rich, 
calcareous soils of the warmer parts of France and Germany. 

• “ Dankelmaaii's Zeitschrift,” iv., p. 159. 
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^ P’ormerly it was fairly common in oak forests in the South of 
England, and is still found in Sussex and Hampshire, and 
should be grown extensively in the south-west of Ireland.— Tr.] 
Other species of truffles, especially T. hrumatum {(e/ftinnn) 
and T, excaratum, etc., are less valuable. The importance of 
truffles may be gathered from the fact that 1,500 tons (worth 
j£640,000) are exported annually from France ; in the whole 
of Germany only about a ton (worth £350) is collected yearly. 

[In the forest of Bedoen, on Mount Yentoux, tnillit'-s grow ex- 
tensively on the roots of (Jnercufi their sale having 

produced £1,500 in 1807, the rate being 3.s. to 0-s. per Ih. 

In Perigord, land formerly stocked with vineyards is now 
planted with young oaks for the cultivation of truffles, which 
grow as a myvorhiza on tho oak roots. Tin's is said to pay 
three to five times as well as vineyards. Whole villages are 
engaged in this industry, whicdi has now gone beyond tho 
experimental stage. The following recipe for their cultivation 
is given by de Lesparre in th(5 dcti K. 18th S<'-pt(unber, 
1898. Take a truffle and dry it thoroughly (in a drawer). 
When quite dry, it should bo bruised into a pulpy paste with 
water between two ideces of ground gla.ss. This i>aste should 
be spread with a paint brush, between July and January, on 
green leaves of the hazel or oak, which shouhl then bo placed 
in the ground. Fight or nine days later thos])ores germinate, 
and the mycelium of the truffle is produced. The soil should 
be calcareous and the climate suitable for the vine. In 5 or (i 
years truffles will be produced and must be under the sliado 
of trees.— Tr.] 

Among other edilde forest fungi, Ihlelus aluliti, Morrhdla 
Sp. sp., Clavaria, Uyduum and CanihareUiis may he cited. The 
common mushroom (Ayaricua delirhms) grows rather in 
meadows than in forests. 

4. Edible Fniitu. 

Cranberries and bilberries are the edible fruits most fre- 
quently collected from forests. In many districts all the 
children are engaged during the season in collecting these 
berries, and a large trade is driven in the produce ; there are 
commercial bouses in North Germany which deal with them 
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to the extent of ;€5,000 and more yearly. The forests of th0 
Fichtelgebirge, the Spessart, the Schwarzwarld, etc., yield 
large quantities of these berries. When fully ripe, large wooden 
combs* are used to strip off tlie berries into baskets. Only a 
small part of the produce is now used for brandy ; it is chiefly 
made into wine, partly to convert white wine into red wine 
and partly as bilberry wine, which is sold at Frankfort-on- 
Maine and other places as a medicinal beverage ; it has also 
been sent in large quantities to the south of France to be mixed 
with grape- wine and sold as claret.* Bilberries may be also 
eaten fresh, cooked or dried. 

It is W'ell known what enormous quantities of wild straw- 
berries, raspberries, alderberries, etc., are gathered annually. 
In the village of Frammersbach, in the Spessart, children 
yearly collect these berries to the value of i*200. 

Mistletoe-berries are here and there collected for making 
bird-lime. [Branches of mistletoe for Christmas form a yearly 
article of trade from Normandy to London, whole steamer-loads 
arriving from the Norman apple-orchards. — Tr. ] 

10. Other Items. 

Among the multifarious forest plants, which are used indus- 
triall^v or medicinally, may be mentioned : — Willow blossom, 
for apiculture ; orchid-bulbs, as Salop ; spores of Eqnisetum 
chiratum, for artificial lightning: roots of valerian and ber- 
berry (lierheris ruhjaris) and flowers and fruits of a number of 
shrubs and herbs, Aniim, Atropa, Colchicum, etc., for medicine. 

The beetle S})anish-fly {Lytta ves'watoria) also is collected 
for sale in Hungary. 

[The items of minor forest produce exported from the Indian 
Forests, such as medicinal drugs, dyes, paper material (Bhabar- 
grass — hchemum angnsti/oiium — Daphne papyraeea, bamboo, 
etc.), textile fibres, lac, wild-silk, honey and wax, besides those 
already mentioned in former chapters of the present book, are 
far too numerous to be described here, lieference on the 
subject is invited to Watts’ Dictionary of Indian Economic 
products, and Troup’s Forest Utilization. —Tr.] 

• E. Laxis, in “ Handelsblatt lUr WalUerzeugnjs^^e,'* 1S94, No. *23. 
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UTILIZATION OF COMPONENTS OF THE FOREST SOIL. 

UTILIZATION OP STONE, GRAVEL, ETC. 

In inountuin-forevsts, the utilization of siotieis fr(*(|U(‘ntly fin 
important item of forcnt revenue ; (piarrvinf^ the ))eticr kinds 
of stone iiUTeases in importance with the expansion of towns, 
the more substantial nature of the buihlinf^s erecU'tl, anti the 
constantly extendinpj ne ansof communication. ImlejU'iidt'nlly 
of the fact that an absolutely necessary want is thus imd, the 
forest-owner's own jH'Cuniary inhirest will ))revi‘nt him from 
opposiii}^ a wt'lbrt'gulaled s}steiM of qiianyin^, for the Ixtsi 
production of wood will never pay so well as leasing' quarries. 

1. UijFi'trnt hinds of Sttfuc. 

The following kinds of stom^ an^ utilized: — Hewn-stone, 
which is cut into re;^ular Bha])es, and for which tlui line, com- 
pact sandstones of tile Cainludan, Silurian, New lied Sandslone 
and Tertiary formations, also trachyte among cniptivo rocks, 
etc., are most in demand. [In Rritain, also Ibilh oolite, 
Aberdeen granite, etc.—Tr. j 

llroken stone used in rubble-masonry, for foiindatioriH. etc., 
for which almost any kind of stone is suitahle;~or paving 
stones, for which the hardest material, hasalt, phoiiolith, 
diorite, fine-grained syenite, etc., are most suilahle. Slate for 
roofing from the Cambrian, Silurian and Jurassic (Stonefield 
slate) formations, and lignite near Liegnitz and Frankfort, are 
also valuable. Largo quantities of the harder rocks, as well 
as boulders and gravel, are u.sed for macadamised anfl paved 
roads. Calcareous rocks are also of great importance, serving 
as building-stone or for lime-burning, for which purpo.se they 
are the more valuable the less clay they contain ; when mixed 
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(ilay tbey are used for cement. Quarries of gypsum, fel^^ 
and kaolin are rare. ’ 

2. Mode of Utilization, 

Stone is obtained either by quarrying the mouhtain-side, in 
deep quarries, or by collecting boulders or flint-nodules from 
the surface of the ground. From a silvicultural point of view, 
permanent quarries are greatly preferable to the employment 
of boulders, as the area taken from the production of wood is 
then of limited extent and more easily controlled : the growth 
of wood being permanently excluded from the area, no question 
of indirect injury to the forest can arise. Direct injury to the 
forest may, however, occur in quarrying — in the experimental 
search for suitable localities for a quarry ; the loss of wood 
production on areas which are often extensive ; the damage to 
roads, and occasionally the increase in forest offences owing 
to the presence of the quarry-men in the forest. 

The quality of stone from the same geological formation 
may vary considerably in different parts of the same moun- 
tain-side ; hence several experimental quarries are frequently 
tjommencod and eventually abandoned. This causes loss of a 
considerable area for wood-production, as when the soil is 
covered with fresh un weathered rock it is often impossible 
to restock it with trees. Even when a workable quarry has 
been started, often fairly large areas are required for deposit 
of the 4*efuse stone, and on steep slopes the latter often 
accumulates in long strips down the valleys, as in the 
Siebengebirge. 

This nuisance may, however, be improved by good regula- 
tions and confined within reasonable limits. It is therefore 
indispensable that not only the quarry itself, but the area on 
which refuse may be thrown should be demarcated carefully. 
Forest offences by quarry-men, who are sometimes imper- 
fectly acquainted with the limits of mine and thine, cannot 
be avoided altogether. Considerable damage also is done to 
the forest roads, no traffic being more ruinous to them than 
that of stones from quarries. The latter are not usually im- 
portant enough to warrant the construction of roads specially 
made for them alone ,* hence the nearest forest road is used. 




teftintenanee fdls esclusirdy on thi;‘ 

;ihis, Hiay^c^^^ moro than he obtains tnm> 
^ In such eases a condition should be entered 

the quarry for payment by the lessee for 
Ibe md in good condition, 
regular quarries are usually more profitable than 
l&fiie^e collection of boulders, the latter are often harder and 
Wt than freshly quarried stone from the damp mountain-side, 
md are, therefore, much used for rough building purj^oses, if 
he ^Idpe on which they are lying is steep enough to facilitate 
heir^cpllection, and roads are available for their removal from 
;he forest. 


in thia case, the stones are collected from among trees, 
fctnage to the standing-crop is always to be feared, and 
specially to the roots of the trees. It is the interest of; 
ha lessee, however, to be careful, as he would otherwise lose 
he business, so that the best precautions against damage are 
laually taken. 


[Considerable damage is done to the i^oots of trees in the' 
crests of Normandy, by removal of superficial flint-nodulei^/1 
t should also bo noted that large stones lying in regeneration ,' 
teas often preserve moisture in the soil, and therefore their ‘ 
emoval should be restricted to older woods, in which the 
over has not been interrupted.—Tr.] 

$he forest-owner rarely undertakes the quarrying or removal 


iJtones at his own expense ; even if he should require the 
bims for buildings, walls, or road-metalling, it is better to 
j^in them by contract, rather than by daily labour. Hence 
tp lease quarries. ^ 

regards the oomponenta of weathered forest eoll 
. humus . and vegetable-mould, lor gardens and 
l^e^purseries ; sand and gravel, for roads and huildin]^; : 

and for bricks and tiles ; kaolin 
^id^,^^are the chief items. ' . 

of India, considerable revenues are 
limestone-boulders in the beds of waterchfUfei^ 
8 in the year; Hme^burai^ 
of causing a largo demand for' 

0iiierwMie,toJnd-ft’mi^yk.4i^ 
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Antiseptic treatment of wood, 509 
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Cart traffic, 818 
Casks, 594 
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^utes, timber, 278 
ingifti'boxes, 589 
piotrlar saws, 495 
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t3fliving-laxe, 197 
Cloven timber, 561 

of Wood, 65 
of wood, 48 
bofljipass timber, 681 
Ckwiductivity of w'ood, 78 
iCtmea, collection of, 672 
Coniferous seeds, 678 
^btraot, aale by private, 461 
i^ntiactors, timber work by, 170, 
'^42 ' 

^nyereion of ^ood, 229, 482 
r^opera^ wood, 594 
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Pi^bejadeBi ^ 
l«yrood, 616 
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i>ek&tk in w'ood, ■>:, 

Depots for tbxiber^, ^4; 

Dimensions of *tceea> ,|lt 
Discolourationof WobdJ 
Disposal of wood, 44h / • 

Distillation of Avood,, 626 
Douglas fir wood, 87 
Drums, wood for, 608 
Dry fallen wood, 617 
Dry rot, 105 

Durability of timber, 97, 5wi, VVi'V j 
Dyes, 729 . ' 

Dynamite tor splitting stum^ wid^ 
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Ebony, 85 

Elasticity of wood, 88 
Elmw'ood, 24, 593 , 
Even-grained a^ood, 88 * 
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Faggots, 251 
Fascines, 515 
Felling rules, 228 
„ trees, 205, 211 
Ferns, 387 

Field-crops in forests, 749 , 
Fineness of grain, 88 
Firewood, 288, 261, 286, 617 ^ 
Fiaaibility of wood, ^ 
Flexibility of wood, 96 
Floating wood, 658 
Flutes, Wood for, 610 
Forest devil, 201, 218 

litter, '768 
,, ^ jx)ada, 801 
„ * trBiaW^ya, 8H' 

Forked tre4a, 152 
Froat-cra«fit, 140 . 

.Fruit, 'eible 







; )6rei^ ' 
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tip stumps, ‘217 
tJuwftcum ^ood, 34, 87 
(iUtti«^730 

Otihp^wder blasting stumps 
tiSxi root?, 248 
Omrstwks, wood for. 610 
(lutia-perclui, 783 


woi.5ro 

J)mpning,749 
.loiwfeiV wood, 566 
Juniper* wood, 42 
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Knee-pieces, 582 
Knopporn-galls, 635 
Knottineas, 138 
Kveiui>e, 208 
Kjauising wood, 519 


H. 


L. 


H^i^les of tools, 588 
l^itwlnesfi of wood, 48, 111 
Haskenising wood, 509 
3|lftW‘kcye machine, ‘232 
Hazelwood, 199 
Heartshake, 188 
Heartwood, 44 
, Heather, 772 

Heating-power of wood, 107 
Hemlock spruce, 41 
Herbage in forests, 787 
! Hickory wood, 598 
, Hook-lever, 267 
H^ps for barrels, 600 
;“Hop«lK>les, 614 

wood, 29 

?^Edr»i'Cbestuut wood, 81 

5ij&iw»,768 

wood, 615 

* ;|0t^gKweo|wdty of wood, 67 


Lac, 781 

Ladders, wood for, 593 
liamp- black, 550 
J^and-transport, 800 
Larch bark, 661 
Larchwood, 37 
Laths, 560 
Lead-pencils, 606 
Lcaf-foddor, 694 
Length of stem, U7 
lignin, 79 
Lime- bast, 668 
Litter, forest, 758 
Logs, 236, 257, 556 
Lopping branches, 694 
, Lucifer matches, 605 

boxes fo^i wpj 


^Mv 



of4«wl,li6,S18 
i(^ve to w>o4 1®® 
taction of, on wood. 
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Machmc Bfitws, 483 
Mahogany, 8^ 

Maimal tobour, 156 - 

Maple wood, ; 

Markets Cot tiittbe^ 447 
Mast, oak and beotd^ 666 



mm 


lu^eir, i608 

Mtsftgures, wood for, 603 
MeruUue laorimans, 105 
Mmidg timber, 578 
Minor forest produce, 629 
Mistleto, damage by, 133 
Model-riialdng, 588 
Mosses, 769, 828 
Moss-litter, 769 
Myrobalans, 685 

Non-inflammable wood, 524 
Numbering hammers, 291 

0 . 

Oak- bark, 686 
Oak wood, 20 
Oars, wood for, 601 
Oil of turpentine, 699, 723 
Oils, 734 
Olive wood, 84 
Optimum climate, 50 
Oxalic acid, 565 

r. 

Packing-cases, wood for, 589 
Padauk, 86 
Palm wood, 16 
Paper-pulp, 160, 601, 551 
Park-palings, 615 
Parquetry, 6a5 
.pasture, 787 
Pavements, wood for street, 568 
Pea-sticks, 614 
Paat, digging, 790 
1 ^ Utter, 821 

Pianofortes, wood for, 590 
ipiga forests, 698 
pme. l06> 625, 
jpit-prop#, 574 

machines, 500 


T M^ .287, SS50 
P<my saws, 494 
Poplaa? wood,*8i 
• Potash, 650 

Private contract, sde by, 4^, 48?. 

Q. 

Ouarrying stone, etc., 831 
Quebracho wood, 624, 634 
Quinine, 784 

It. 

Kafting timber, 407 
llailway-carriages, wood used for, 
594 

„ sleepers, 570 
lied deal, 579 
lied wood, 41 
Resin-galls, 125 
„ in wood, 704 
„ tappiii, 706 
Resinosis, 165 

Resistance to strains, 88, 568 
Rhytidome, 681 
Roads, 801 

Robiuia wood, 26, 595 
Rolling wood from felling-area, 276 
Rose wood, «85 
Rosin, 704 

Royalty on wood, 451, 462 

S. 

Sabots, 609 
Sale-lots, 291 
Sales of wood, 447 
Salicin, 784 
Sand, pits for, 881 
Sapwood, 44 
Saws, 181 

„ resistance of wood to, ll9 
Saw-dust, 616 
„ mills, 488 
,, sets, 192 
Sawn timber, 559 
Scantlings, 110 
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girtliiBnewood, t. 

w€)od, 46t 
for felling, ‘3m 
^ftftsoning wood, 506 
Seeds of oonifers, 667, 676 
„ „ other forest trees, 666 

Seed-kilii«. 626 
Sequoia wood, 41 
Shingles for roofs, 601 
Bhip-iniiUling, 577 
Shoenifikers* pegs, 600 
Shrinkage of wood, 72 
Silver Or- wood, 40 
,, grain, 559 
Slack barrels, 599 
Sledge'roa(l^, 

Sledges, 270 
Slides, tiinlx-r, 610 
Sliding logs, 275 
Sorting wood, 254, 284 
\nnding boards, 590 
' Vrs, 584 
Specific weiglii, 50 
Spokes for wheels, 592 
Spruce wood, H7 
Stacking w-ood, 254, 2,85, 407 
Stakes, 014 
Staves for casks, 594 
Stcainiiig wood, 90 v 
Stone <pian‘ie8, BHl 
Storing seed, 687 
Straightness of stem, 121 
Street pavement, 508 
Strength of timber, 88, 563 
Stumps, 217 
Sugar in trees, 82, 728 
Sumac'h, 624 
Summer wood, 15 
Superstructures, 561 
Swelling of wood, 72 

T. 

T&nning bark, 638 
„ extracts, 635 


^axodium wood, 41 
Teak wood, 578 
Telegraph-posts, 2tM) 

Teredo, 105 
Termites, 104 
q'huya wood, 42 
Timber-assortments, 257 
„ ehutijs, 278 
„ slides, H16 

„ trade, 447 

Tools, w'ood for handles of, 588 
Toys, children's, 010 
Tramways, forest. 334 
„ ‘ wire, 340 
Traiisx^ort, 300 

Transverse strength of wood, 93 
TrcC'props, 015 
Trenails, 600 
Truffles, 828 
I Tulip w'ood, BO, 587 
I Turncr\,011 
I Tmiumtine, oil of, 099, 723 
I TwistC'd fibre, 128 

1 

i Tprcjoting trees, 219 
' Tses of woods, 620 

V. 

Valonea, 624 
YaiiilUn, 728 
Veneer, 499, 587 
Venetian blinds, 590, 605 
i Vine-stakes, 615 
j Violet wood, 86 
i Violins, 607 
Vulcanising wood, 509 

W. 

Wages, 164 
Wurrnng of timber, 72 
Water-xnpes, 567 
i „ tranfti>oti, S63 



M. 



194 ' 

Sleigbt of vf0o^^ 50 

pine wood, S9 
Wheels, 591 

Wlieelwrightw’ work, 591 
White anta, 108 
Willow w'oodf 81 
Winter felling, 209 
Wire-troniwayft, 846 
Withes. 613, 016 
Wohmonn’s machine, 202 
Wood-assortments, 254 


S, depots, 429 ' 

„ engraving, 611 
„ gas, 526 
„ paving, 508 
„ plaiting, 618 
„ pulp, 501 ; ’ 

,, tapestry, 602 
„ transport, 800 
i, „ by water, 353 
> ,, w'ool, 500, 604 

Woodcutters’ iinplemonts, 174 
Wooden shoes, 609 
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